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Objectives of the Investigation 
Transplants of pancreatic tissue have been reported to 
improve or even completely correct the c~rbohydrate imbalance 
of experimental diabetes mellitus (41, 50, 51, 52, 53, 56, 
72). Experimental diabetes, however, has not been regarded 
as exceptionally severe or of particularly long duration (63). 
As a result, the beneficial effects attributable to transplants 
have likewise been attributed to the recovery of islands of 
Langerhans in the host. Since little is known about the struc-
ture of pancreas transplants following implantation and direct 
correlation of their cytological and biochemical character-
istics have not been previously undertaken, the findings have 
been subject to considerable criticism. 
The purpose of this investigation was to examine some of 
the histological and biochemical characteristics of endocrine 
pancreas in nondiabetic and alloxan diabetic golden hamsters 
in order to provide a basis for evaluating the functional com-
petence of regenerated pancreas homografts. 
Specifically, the intact pancreas was studied histologi-
cally in order to demonstrate beta cell granulation in the 
islands of Langerhans. Intact islets were tested with regard 
to their ability to adjust the blood sugar during glucose 
tolerance and to demonstrate insulin-like activity in !!!£ 
2. 
(in serum) and during !a vitro incubation. 
Similar studies were performed on pancreas from alloxan 
diabetic hamsters. The severity of diabetes was evaluated 
on the basis of hyperglycemia, glycosuria, ketonuria and in• 
sulin requirements after diabetes of variable duration. 
Portions of homologous (fetal and neonatal) pancreas 
were implanted to the cheek pouch of nondiabetic and alloxan 
diabetic golden hamsters. They were compared with regard to 
growth and survival and the most successful examined cytolo-
gically and bioassayed for insulin-like activity after various 
periods of regeneration. 
Homograft-bearing diabetic animals were compared with 
diabetic hamsters without homografts with regard to blood and 
urinary findings, glucose tolerance and serum insulin-like 
activity. 
Historical Investigations Leading 
to the Discovery of Insulin 
3 
It is not known for sure when the pancreas was first 
recognized but between 30 and 90 A.D., Aretaeus called a fre• 
quently observed condition of polyria, "diabetes"' (31). In 
the late l6oors, Brunner depancreatized dogs, noted their 
thirst and polyuria but he did not relate these findings to 
diabetes (62). The first association of diabetes with the 
pancreas is attributed.to Cawley (1778) who noted pancreatic 
destruction in a diabetic patient (101). 
Between 1849 and 1856, Bernard discovered glycogen in the 
liver and believed that hyperglycemia was the overproduction 
of sugar by the liver. The pancreas, he believed, was concerned 
only with digestive ferments. He produced diabetes by punc-
ture of the floor of the fourth ventricle. (34). 
In 1869, Paul Langerhans (60) discovered groups of cells 
in the pancreas which he literally called "Zellhaufen". Sub-
sequent investigators considered the cells to be nerve elements, 
lymphatic glands or even transitional forms of acinar tissue. 
The turning point in pancreas investigation occurred in 
1889. Minkowski depancreatized dogs and when they developed 
polyuria, von Maring detected the presence of glycosuria (97). 
This was the first proof that diabetes was pancreatic in 
origin. 
In 1893, Laguesse re-named the Zellh.aufen, the "islands 
of Langerhans" and on the basis of their rich blood supply 
and granular cells, he suggested that the islands were secre-
tory (62). Introduction of the term "internal secretion" by 
Brown-Sequard a few years earlier prompted him to suggest that 
the islands of Langerhans produced an internal secretion in• 
volved in carbohydrate metabolism. 
Ssobolew (90) proved that it was the islets and not the 
exocrine pancreas which controlled carbohydrate metabolism. 
After ligating the pancreatic ducts in a dog, he found that 
while the acinar parenchyma degenerated, the islands of Lan• 
gerhans remained and diabetes did not develop. 
MacCallum confirmed these observations in 1909 and found 
that removal of the duct-ligated, acinar-free pancreas resulted 
in a severe glycosuria (64). 
Numerous attempts were made to extract an active principle 
from intact and duct-ligated pancreas. Mlnkowski was one of 
the earliest to report failure. Best commented that many in• 
vestigators had most likely succeeded in extracting small 
amounts of active material but it was difficult to prove (by 
ill!!!£ assay) because blood sugar procedures at that time 
were insensitive (62). 
In suggesting that the active material of islets was 
destroyed by proteolytic secretions, Banting used alcohol, cold 
and acid to minimize proteolysis in extracts of dog, calf, and 
beef pancreas produced hypoglycemia in a pancreatectomized 
dog (14) • 
By 1934, Scott showed the importance of zinc in the crys• 
tallization process (101) and in 1955, Sanger and co-workers 
(81) revealed the chemical structure of insulin. 
Review of Insulin Assay Procedures 
Aided by the chemical configuration of insulin, bio• 
chemical technology has expanded the frontiers of research 
in diabetes mellitus. Progress has been made in problems of 
insulin synthesis, release, transport and in mechanisms of 
its action and inactivation. One of the hallmarks of recent 
achievement has been the development of ~ !!!£ and ~vitro 
procedures capable of detecting microquantities of insulin. 
In vivo methods 
~ !!!£ assay procedures are based upon the hypogly-
cemic action of insulin. By measuring blood sugar decrements 
in intact mice, Goetz and Egdahl (38) were able to detect 2.5 
to 10 milliunits of insulin. After Houssay found that hypo• 
physectomy hypersensitized toads and dogs to insulin, several 
investigators found that other endocrine manipulations also 
increased the 1a !!!£ sensitivity to insulin. Some preparations 
and their reported sensitivity are summarized in Table I. 
The sensitivity, as varied as the preparations are nu-
merous, could have been related to differences in technique 
but wide variability was obtained even by investigators using 
identical methods. Yenerman (107), for example, reported de-
tecting 3 micro•units of insulin in the alloxan diabetic-hypo• 
physectomized mouse while Anderson !1 !!• (3) using the same 
preparation, found that below 250 micro-units of insulin, the 
blood glucose-lowering effect was the same as that achieved 
with saline. 
Peden discussed the hazards of preparing alloxan diabetic• 
6 
Table r. !a !!!£ assay procedures and their 
sensitivity to insulin. 
Investigator (Ref) Anima.l Procedure Insulin Sensitivity 
· Hypox . • 
Goetz 38 rot dextrin 4-5 milliunits 
Kosak a 59 rot Hypox-AMx"" 0.2 mU 
Gellhorn 35 rot Hypox-AMx 1.0 mU/ lOOg. 
• 
mU/ Hemmingsen 4 mouse Adx. 1 - 2 lOg. 
' Anderson 2 rot ADH 125 microunits 
" Yenermon 107 mouse All.- HypoX. 3 
Anderson. 3 mouse All.· Hypox. 2 50 
Beigelmon t 6 rot "+dextrin 2.5 mU 
. 
Hypophysectomy +dextrin gavage Adrenodemedullation-alloxan diabetes- hypophysectomy 
!! 
Hypo physec to my- Adrenodemedullation Alloxan diabetes- hypophysectomy 
• Adrenolec to my 
7 
hypophysectomized-adrenalectomized rats (73). A high mortality 
rate made the technique prohibitive. Expense in surgical pre-
paration and maintenance of these animals was as impractical 
as the lack of assay dependability. Many investigators have 
since adopted quicker, more sensitive !E vitro methods. 
In ·vitro methods 
Three !a vitro procedures are commonly used to detect in-
sulin. They are the rat diaphragm and epididymal fat pad bio-
assay methods and the immunoassay procedure. 
The diaphragm preparation. The detection of insulin !E vitro 
is based upon Gemmill's classical experiments showing that 
insulin stimulated glucose uptake and glycogen synthesis in 
the isolated rat diaphragm (36, 37, 45, 57). Takeuchi et al. 
--
(94) observed that the glucose uptake was linear Within an 
insulin range of 0.01 to 10 milliunits/ml. (mU/ml). Wille-
branda !l al. (101) found a slightly narrower range (0.3 to 
8 mU/ml). 
Perlmutter !! al. (74) were unable to detect insulin in 
human serum while Vallance-Owen and Hurlock (96) found less 
than 0.1 mU/ml. in the fasting state. Willebrands !! !!• (99) 
reported ranges of 0.1 to 0.3 mU/ml. while Randle (76) sug-
gested that the effective insulin level in normal plasma was 
about 50 micro-units per ml. (mcU/ml.) and unlikely to be 
higher than 100 mcU/ml. 
In the study of the rat diaphragm bioassay, an insulin 
inhibitor was demonstrated in theserum of alloxan diabetic 
8 
rats (24, 25). Association of the inhibitor with serum lipo• 
proteins was confirmed for the rat by Hendley !! al. (41) 
and suggested for the human diabetic by Baird and Bornstein 
(11). Willebrands !! !!• (100) obtained significantly lower 
values for serum insulin when undiluted serum was used and 
suggested that in undiluted serum, antagonists capable of 
counteracting the effects of serum insulin decreased more 
rapidly with dilution than the serum insulin. Epinephrine 
-2 (10 gamma) almost completely counteracted the effect of 
0.5 mU of insulin while serum albumin exerted an effect 
equivalent to o.05 mu. 
Modifications to improve the sensitivity and reliability 
of the diaphragm preparations were introduced: the dipping 
technique of Stadie (91) and a pooled diaphragm preparation 
believed to reduce parameter variability (98). Mouse as well 
as rabbit diaphragms have been used (70, 71). 
In reviewing the use of the isolated rat diaphragm Wille-
branda and Groen (In Antoniades: Hormones in Human Plasma (4) ) 
have emphasized that the sensitivity and accuracy of the method 
are subject to many variables. 
The rat epididymal fat pad bioassay. Experience with rat epi• 
didymal adipose tissue (epididymal fat pad, EFP) as an !a 
vitro bioassay for insulin is recent. Contrary to the general 
impression, adipose tissue is not merely a site for passive 
storage of excess fat but is quite active metabolically (78). 
Insulin has been shown to stimulate glucose uptake (65, 78), 
9 
and by its oxidation (67) to increase co2 production by the 
fat pad (12). The fat pad also synthesizes glycogen and fatty 
acids (13, 28, 43, 104). Of its many activities, glucose up• 
take, i.e., glucose disappearance from the incubation medium 
and cl4o2 production from glucose•l•cl4 have been used as 
parameters of insulin-like activity. 
Using undiluted serum, Beigelman and Antoniades (20) found 
that the fasting insulin-like activity (ILA) in man ranged 
between 50 and 250 mcU/ml., a much narrower range than that 
reported for assays using the diaphragm preparation. Although 
serum of patients with a growth~onset type of diabetes or with 
diabetic acidosis demonstrated little or no ILA, the authors 
admitted that undiluted serum might have contained anti-insulin 
factors. When normal serum was diluted (1:4) Beigelman found 
that fasting values averaged 100 mcU ILA / ml. while one to 
two hours postprandially, the values averaged 400 mcU/ml. (16, 
18). 
Indirectly, use of the EFP bioassay contributed important 
information on the state of insulin in blood. In 1960, 
Antoniades !! !!• (5, 6, 7, 8, 9) suggested that insulin formed 
a complex with basic protein in blood distinct from antibody-
insulin complexes. When blood ILA, absorbed on a cationic ex-
change resin, was eluted and assayed by the diaphragm prepara-
tion, eluates were found to be inactive (42). The same eluates 
assayed by the rat EFP method demonstrated considerable ILA. 
Furthermore, when fat pad extracts were added to the diaphragm 
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preparation, the latter was able to demonstrate considerable 
ILA in the insulin•protein complex. The authors concluded 
that adipose tissue or extracts thereof released or activated 
insulin "complexed" with basic protein. In the fasting sub-
ject, most of the blood ILA was found to exist in the "bound" 
form. The inability of the rat diaphragm to detect serum 
ILA in the fasted state was interpreted not as a reflection 
of a lack of sensitivity as alleged, but rather as an absence 
of accessibility of the bound form of insulin to skeletal 
muscle. 
In spite of the advantages of ~ vitro assays, many in-
vestigators have expressed objection to their use (75). Since 
blood may contain antagonists and/or synergists, a presumed 
simple insulin effect might be a combination of many factors. 
A study of insulin effects as embodied in the in vitro assay 
systems does not identify "insulin" per !! but assumes that 
material other than insulin is incapable of similar action. 
Caution in this regard has given rise to the term "insulin• 
like activity". 
The immunoassay of insulin. Contrary to the general impres-
sion that insulin is a poor antigen, Berson ~ !1• (23) ob-
served insulin binding antibodies in virtually all insulin• 
treated human patients. Further investigations resulted in 
the development of two immunological procedures for insulin 
assay. 
The Berson and Yalow technique (22) consists of incubating 
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r 131-labeled insulin and standard and unknown insulin solutions 
with anti-insulin serum (guinea-pig anti-beef insulin antibody). 
Following the chromatography of aliquots of incubation fluid 
radioactive peaks of free insulin (remaining at the origin) 
and insulin bound to antibody (migrating zone) are plotted. 
The insulin concentration in the unknown sample corresponds 
to the standard solution with the same bound-to-free ratio. 
In addition to the more obvious advantage of being specific, 
the immunoassay requires only 0.01 ml. of plasma and can detect 
0.1 mcU of insulin. The authors have estimated that the aver-
age secretion of insulin by the normal adult pancreas was 55 
units per day (105). 
One of the disadvantages of this immunoassay procedure 
was that in order to consider the reaction completely specific, 
insulin used in antibody induction should have been identical 
to that being assayed. Although cross reactions between human 
and animal insulins have been demonstrated, quantitative dif-
ferences exist (105, 106). 
Another immunoassay depends upon the ability of antisera 
to inhibit lysis of insulin-sensitized erythrocytes (10). 
Although the method is not as sensitive as Berson and Yalow's 
technique, the possibility exists that the sensitivity of the 
hemolytic method can be improved (4). 
CHAPTER II 
PREVIOUS WORK IN PANCREAS TRANSPLANTATION 
Review of Pancreas Transplantation 
In addition to recording the fundamental experiments 
which culminated in the discovery of insulin, the Nine-
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teenth Century saw the initiation of endocrine gland trans• 
plantation, Berthold's experiments with testis (1849) aroused 
interest in the presumed fact that transplanted endocrine 
tissue continued to function (105). Schiff transplanted thy-
roid (1884), Canalis (1887) the adrenal, Knauer (1896) the 
ovary and Sacerdotti (1903) the pituitary (104). Absence of 
the pancreas from the early studies was not surprising since 
it was not suspected of having an endocrine nature. 
When von Mering and Minkowsk:i performed their experiments 
in 1889, little attention was given to Minkowsk:i's findings 
that autografts of dog pancreas prevented the development of 
diabetes after pancreatectomy. In 1893, Hedon showed that 
glycosuria returned upon subsequent removal of such a trans-
plant (46). 
Since these early experiments, the possibility of treating 
diabetes mellitus with pancreas transplants has intrigued tre 
clinical imagination. Functional pancreas transplants might 
provide hormonal replacement physiologically more responsive 
to the immediate needs of a deficient host. A review of ex-
13 
perimental findings admits the possibility of such achieve• 
ment in spite of varying and sometimes contradictory findings, 
In 1926, Shaw and Latimer (84) autografted portions of 
pancreatic duct to completely or partially pancreatectomized 
dogs maintained with insulin, Fifty-eight days later, all 
transplants showed tubules and ducts filled with fluid. Acinar 
tissue was believed to have degenerated autolytically as a 
result of the accumulation of proteolytic secretions, Spher• 
oidal collections of polyhedral cells, said to be islets of 
Langerhans (differential cytology and staining procedures n~ 
specified) were found in the inter-acinar connective tissue. 
Although the insulin requirements had decreased, the authors 
were not convinced that the "regenerated islets" were functional. 
Selle (83) transplanted ~vitro-cultured homologous 
fetal and duct-ligated canine pancreas to totally and partially 
depancreatized dogs. All grafts were absorbed by the third 
week and beneficial effects were not observed in hosts, It 
should be pointed out in this apparent failure, however, that 
non-cultured homograft& were not implanted, A strong possi• 
bility existed that the culture medium was physiologically in-
adequate and subsequent failure of pancreatic portions due to 
in vitro rather than in vivo conditions. 
--
Simard (86,~87) emphasized the importance of exocrine 
secretions on the. failure of pancreas transplant survival. 
While autografts prevented from eliminating exocrine secre-
tions disappeared after two months, those drained by means of 
an open fistula showed the persistence of endocrine as well as 
exocrine pancreas. Furthermore, the persisting "islets" 
were almost completely composed of beta cells. Bencosme 
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and Liepe (21) confirmed these findings in 1958. There were 
no suggestions to explain the disappearance of alpha cells. 
Portions of canine pe.ncreas with intact blood vessels 
were autografted to the e.bdominal wall by Swan and Rundles 
(93). Following the degeneration of acir~r tissue in the 
transplant, the remaining pancreas was removed. When dia• 
betas did not develop, the authors concluded that the trans-
p~ant was the sole source of insulin. Subsequently, the 
transplant was removed, sectioned into slices and re-trsns-
planted to a different site on the abdominal wsllo Before 
transferred autogrsfts became re-established, hosts became 
diabetic and required insulin. Thirty to sixty days following 
re•transplantation, several animals did not require insulin, 
the diabetes having been controlled. However, islet cells 
could not be found in the transplants. The authors added: 
" ••• the problems dealing with pancre11tic 
tissue are complex and frustrating and 
although our preliminary results are 
substantiated by physiological changes 
indicating functioning islet tissue, we 
have as yet no histological proof that 
islet cells survived autotransplantation." 
Browning and Resnik (27) transplanted pancreas into normal 
and alloxan diabetic mice. (The authors interpreted homolo• 
gous transplants as transfers between mice of the same inbred 
strain and the term "heterologous" to transfers between mice 
of different inbred strains. According to Woodruff (104), 
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the term isogenous more accurately describes transfers 
between inbred strains and in general usage, homotransplan• 
tation refers to transfers between genetically non•releted 
animals of the same species. Heterologous transplants are 
transfers between different species. The following discus~ 
sion will adhere to Woodruff's recommended terminology). 
While implants of isogenous pancreas grew, homografts 
(their "heterografts") were absorbed after the third week. 
Isografts of embryonic and neonatal pancreas contained adi• 
pose tissue, vesicles representing degeneratingexocrine 
tissue and highly cellular, well-vascularized islands. The 
latter, containing cells with round nuclei and basophilic 
granular cytoplasm, were determined to be composed entirely 
of beta cells (stains not specified). 
Glycosuria of alloxan diabetic mice was improved only 
when two or more pancreases were introduced. The authors 
concluded that severe glycosuria was beyond the control ca-
pabilities of the limited islet tissue regenerated. 
On the other hand, Gonet (41) showed that alloxan dia-
betic and pancre~tectomized rats bearing a single intra• 
testicular homograft of fetal pancreas experienced a dramatic 
lowering of blood sugar within two weeks of transplantation. 
Several hosts reportedly developed hypoglycemia convulsions 
and died. Homografts, growing nearly 100 times the amount 
,introduced, were composed only of beta cells (Gonet's modi• 
fication of Gomori 1 s stain.) By crudely homogenizing homo• 
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grafts and injecting the supernates, Gonet found that the 18-
day homograft contained enough insulin to cause a nondiabetic 
rat to convulse in one hour. In addition to correcting the 
carbohydrate imbalance, the homograft reportedly "incited" 
regeneration of host islets and of the exocrine pancreas. 
Once the host pancreas regenerated, the homograft was observed 
to degenerate. 
Homotransplantation of pancreas to the cheek pouch of 
golden hamsters was pioneered by House and co-workers (50, 
51, 53, 72). In accordance with the observations of Browning 
and Resnik (27) that the capacity of transplant survival de-
creased as age of the donor tissue increesed, they concluded 
that the two to twelve-hour neonatal pancreas represented tre 
"ideal" donor (53). 
Following two weeks of implantation, such homografts re-
portedly caused the blood sugar to return to normal and res-
tored host islets to histological normalcy. The authors reported 
finding intensely-stained aldehyde-fuchsin positive "islets" 
surrounded by adipose tissue - the latter having replaced the 
exocrine pancreas. There was no mention of the relative fre-
quency of these "islets" but from their size and apparent lack 
of vascularity, it did not seem possible that complete recovery 
of diabetic hosts was due solely to the transplants. 
In discussing the recovery of beta cells following al-
loxanization, House (49) noted that eight weeks were required 
for typical beta cell granulation to become established. He 
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suggested that in the recovery process, there was a lag be• 
tween physiological and histological normalcy with physiolo-
gical recovery occurring first. In the transplantation studies, 
beneficial effects in die.betic hosts were seen after a total 
diabetic duration of six weeks (54). 
These findings were not entirely clear. A strong pos-
sibility existed that the observed beneficial effects were 
due to recovery of host islets. Furthermore, there were indi-
cations that the induced diabetes was mild. Insulin ~as not 
required for survival and the animals never developed acidosis 
(54, 68). In one study the authors admitted (51): 
"••• we have never observed the persistence of 
normal beta cells in implanted tissue although 
our evidence indicates that early differentia-
tion occurs." 
Problems in Pancreas Transplantation 
The ability of a pancreas transplsnt to ameliOrate the 
insulin deficiency of a diabetic host is a special require-
ment. Hormonal replacement or even partial rehabilitation 
may require greater amounts of transplanted tissue than have 
been introduced or subsequently regenerated. Although a small 
transplant may produce hormone, circulating levels may be suf-
ficiently dilute to be metabolically effective at target organ 
sites. 
In some cases, beneficial effects attributed to trans-
plants were substantiated when extirpation of transplants 
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resulted in re-development of the diabetes. This classical 
method, however, may not always be satisfactory since in dia• 
betic rodents, the islands of Langerhans have been reported 
to retain an indefinite capacity for regeneration (32, 49, 54, 
55, 65). With their own islets regenerating, diabetic hosts 
might not suffer a loss of physiological improvement when 
even a functional transplant was removed. 
When blood and urinary glucose-lowering effects are the 
sole criteria for evaluating transplants, then changes must 
be sufficiently great to be detected. The ability may be 
beyond the competence of a functional transplant. Histolo-
gical and cytochemical studies may serve only to detect and 
confirm differentiation regeneration and growth but per ~ 
era not indicative of functional capacities. 
From a review of the literature, it would seem that 
greater emphasis has been placed on the ameliorative poten-
tial of pancreas transplants without evaluation of the cyto• 
logical and physiological competence of transplanted tissue 
itself. 
One of the more crucial criteria for·evaluating trans-
plant success is that the transplant show direct evidence of 
hormone production. This presupposes the initial lack of im-
munogenetic rejection, the establishment of vascularity and 
the synthesis-release of hormonal material. 
CHAP'l'ER III 
GENERAL MATERIALS AND METHODS 
Production of Diabetes end its 
Management in the Hamster 
19 
Male and female golden hamsters (Dennen Animal Industries, 
Gloucester, Mass.) 90 to 120 days of age, end weighing between 
100 and 160 grams were fasted from 18 to 20 hours end anesthe• 
tized with 0.15 cc. of 50 mg. per cc. sodium pentabsrbitsl 
(Nembutal, Abbott) per 100 grams of body weight, intrsperi-
toneally. Alloxan monohydrate (Eastman Chemicals, Rochester) 
was injected intracardially at a dose of 110 mg./kg. (as a 
10% solution in 0.9% NaCl). 
Four hours later ell animals received 1 cc. of 30% glu-
cose in saline intraperitoneally to reduce the severity or 
post-alloxan hypoglycemia. 
Urine obtained by bladder manipulation was tested for 
sugar by means of Tea-Tape (Eli Lilly, Indianapolis) end for 
ketones by use of a powdered nitroferricyanide reagent. 
Insulin treatment was initiated 24 hours after slloxani-
zstion. NPH insulin (Neutral protamine Hagedorn, Lilly) U•40, 
injected subcutaneously in the thigh, was administered twice 
daily in doses ranging from 0.8 to 1.2 units in the morning 
and from 1.6 to 2.8 units six or seven hours later. Individual 
doses or insulin depended upon the severity of glycosuria and 
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ketonuria. When ketonuria appeared consistently in any one 
animal, the amount of insulin was increased. This is an es-
tablished and effective procedure (54, 68) which has been mo• 
dified (79). 
Transplantation Techniques 
Pancreas autotransplants. Nondiabetic hamsters were anes-
thetized with Nembutal. The everted cheek pouch was secured 
with pins and moistened with saline. A small incision was 
made in the epidermis of the cheek pouch and forceps were in-
serted into the subcutaneous tissue to make a pocket for the 
proposed implant. 
A curved incision was made approximately 2 em. below the 
rib cage on the left side. The pancreatic tail was exposed 
and that portion selected for excision was ligated. Care was 
taken to ligate all blood vessels supplying the portion to 
be excised. After excision, the pancreatic portion was rinsed 
of blood in saline and inserted into the previously prepared 
cheek pouch. Alternatively, greater speed and less trauma to 
donor and host tissues was achieved by implanting the pancre• 
atic portion by means of a trochar (2", 18 gauge) inserted 
through the cut epithelium of the cheek pouch. 
Pancreas homografts. Pancreata at two developmental ages were 
used as donor tissue. Fetal pancreas was obtained from hamsters 
removed by Caesarian section 2 to 6 hours before birth. (Accor-
ding to the animal breeder, the period of gestation in the 
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golden hamster was on the average between 400 and 404 hours 
after observed breeding). Pancreas was also obtained from 
newborn hamsters, 30 minutes to 6 hours after birth (neonatal 
pancreas). Tail portions of the pancreas were removed and 
placed in a petri dish containing saline, where the spleen 
was trimmed away. Several pancreases were removed at one 
time (from each fetus or newborn animal) to supply one donor 
animal whose cheek pouch had already been prepared as pre-
viously described. 
Nondiabetic and diabetic hosts received two, four, or 
six pancreatic portions, the implants being equally divided 
between both cheek pouches. The implants were measured im-
mediately after transplantation by means of a vernier caliper. 
Blood Sugar Determinations 
Blood obtained by cardiac puncture, was analyzed for 
glucose by the Somogyi•Nelson method (69, 88, 89). The blood 
sugar of all diabetic animals was determined at weekly inter-
vals between 17 to 18 hours following twice daily insulin 
treatment. Diabetic animals bearing homografts were tested 
at the time the homograft& were measured. In any determination, 
blood sugars were also obtained from nondiabetic and diabetic 
hamsters not bearing pancreas homograft&. 
Bioassay and Biochemical Procedures 
Epididymal fat pad technique. The epididymal fat pad technique 
(EFP) as used by Renold !! al. (77) was adopted as the bioassay 
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procedure. Male albino rats (body weight range: 150 - 300 
grams) were obtained from Charles River Breeders (CD - Sprague-
Dawley). The fat pads were excised and distributed according 
to the recommended "balanced segment design" (77, 85). 
Incubation procedure. Krebs-Ringer-bicarbonate-glucose (250 
mg%) medium was prepared in the usual manner (95). The glu-
cose used was a National Bureau of Standards sample (Lot 
# 6092). The medium was fortified with 200 mg% gelatin to 
prevent the absorption of insulin to glass (48). 
The insulin used for the preparation of standards con-
tained 23.8 units/mg. It had been recrystallized five times, 
treated with trypsin and was free of glucagon. Standards 
were prepared immediately prior to assay by serial dilution 
with incubation medium from a refrigerated stock solution 
(1 ml + 1 unit or 106 micro-units). 
One ml. of incubation medium, with or without insulin 
standard, was added to ordinary flat-bottomed glass bottles 
(O.D. 30 mm., 10 ml. capacity). After the addition of fat pad 
segments all bottles were sealed with serological sleeve-type 
rubber stoppers and gassed simultaneously for 10 minutes with 
95% 02- 5% C02 by means of 18 gauge needles inserted through 
the stoppers. 
Incubation was performed in a Dubnoff metabolic incubator 
at 72 cycles per minute for 3 hours. Glucose uptake by the 
fat pad, measured as glucose disappearance from the incubation 
medium (Somogyi-Nelson) was used as the parameter of insulin-
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like activity. 
Tissue Incubation Techniques 
Non-transplanted pancreas. Pancreases from nondiabetic ham• 
sters at various ages and from those of varying diabetic du-
rations were assayed for insulin-like activity. Portions of 
pancreatic tail, trimmed of excess tissue (fat and spleen) 
were rinsed of blood in saline, blotted gently on filter paper 
and quickly weighed on a torsion balance to the nearest 0.2 
mg. Tissues transferred to flasks containing five ml. incuba-
tion medium, were gassed as usual and incubated for 3 hours. 
A portion of the medium was reserved for analysis of glucose 
uptake by pancreatic tissue and the remainder distributed as 
l ml. aliquots to otber flasks. Fat pads were added and in• 
cubation procedures carried out according to the balanced 
segment design. Insulin-like activity was expressed as micro-
units ILA/mg. wet pancreas weight/3 hours. Following incuba• 
tion, the pancreata were processed for histological confirma-
tion of islet tissue. 
Tissues not suspected of possessing ILA were incubated 
according to the same experimental design. These included 
cheek pouch epithelium, endogenous cheek pouch adipose tissue, 
spleen, mesenteric, small intestine adrenal and thyroid. 
Transplanted pancreas. Homografts were removed at 5, 14, 30, 
45, 60, 90 and 160 days after transplantation. Representative 
transplants were trimmed of excess cheek pouch tissue, weighed, 
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and bioassayed for ILA by identical procedures used in assaying 
non-transplanted pancreas. Following incubation, homografts 
were fixed and processed for microscopic examination. 
Glucose Tolerance and Serum ILA 
Nondiabetic and diabetic hamsters bearing 90-day homo-
grafts were subjected to glucose tolerance. After determining 
baseline blood sugar (Somogyi-Nelson) all animals received 
glucose intraperitoneally (400 mg. glucose in 0.9% NaCl per 
100 grams body weight). Blood sugars were determined at 15, 
30, 45, 60 and 90 minutes following glucose administration. 
At designated intervals during glucose tolerance, blood was 
removed and prepared for bioassay of serum ILA. 
Sterile, dry 5 ml. syringes were used to obtain 3 ml. 
of blood by heart puncture. Anticoagulant was not used. (92). 
Blood was centrifuged for one-half hour and the serum placed 
in clean, dry test tubes. A portion of the serum (0.1 ml.) 
was reserved for glucose analysis while the remainder (approx-
imately 1 •. 2 - 1.$ ml.) was either immediately prepared or 
frozen for bioassay at a later time. 
Immediately prior to assay, fresh or frozen-thawed serum 
was diluted 1:4 with medium, and adjusted to a final glucose 
concentration of 2$0 mg %. One ml. portions of diluted serum 
were distributed, epididymal fat pad tissue added and incu-
bation procedures carried out as before. 
Histological and Photomicrographic Procedures 
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Tissue autopsy and processing. Non-incubated transplants 
were removed from anesthetized animals as follows: the cheek 
pouch bearing the transplant was everted and secured with 
pins. A small, key-shaped portion of pressed cork ( 1/8" in 
thickness) inserted under the cheek pouch was arranged so 
that the transplant appeared in the center. That portion of 
the cheek pouch overlying the transplant was removed (single 
membrane preparation). Excess cheek pouch tissue was trimmed 
and the cork with flatly-pinned out transplant removed and 
fixed. Pancreatic tissues were fixed immediately after removal 
and also immediately after incubation. 
Most tissues were fixed routinely in Bouin 1 s solution, 
generally recognized as the best preservative for beta cells 
granules. Formalin, Zenker-formol and a modification of the 
latter (62) were also employed. 
Tissues were routinely washed (50% and 70% ethanol for 
Bouin-fixed material; water for other fixatives) and dehydrated 
gradually with ethanol. Following dehydration in absolute 
alcohol, the tissues were rinsed in chloroform and placed in 
cedarwood oil from one to four days depending on their size. 
This was followed by a chloroform rinse and infiltration in 
Tissuemat or Paraplast (56 - 58°C) for three hours with hourly 
changes. Tissues were embedded in the same vehicle used for 
infiltration. On the average, sections were cut at 4 micra 
(2 to 6 micra) on a Spencer 820 microtome (American Optical). 
Staining procedure. A variety of staining techniques were 
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employed. Routine methods included Harris hematoxylin and eosin 
and Weigert's hematoxylin counterstained either with eosin or 
chromotrope 2R. Special stains were required to demonstrate 
the beta granules. The following stains were employed: Bens-
ley's acid fuchsin- methyl green, Gomori 1 s aldehyde fuchsin 
(Scott's modification 39, 40, 82) counterstained with Hami 1 s 
stain (44) tartrazine light green (102), chromotrope 2R, 
phloxine or light green; chrome alum hematoxylin (Gomori) and 
modified Masson's trichrome stain (62). 
Photomicrographic techniques. Histological sections were pho-
tographed in black and white on Polaroid Type 55 P/N sheet 
film inserted in a #500 4X5 film holder placed in a Graphlox 
back specially designed by the American Optical Company for 
use with photographic system #682. A green filter (Wratten 
#58) was used to increase contrast of reds and purples parti-
cularly of aldehyde fuchsin positive material (black). Prints 
were made by contact on Azo F 3 or 4 or enlarged on Kodabromide 
F 3 (Kodak). 
Color prints were made by Kodak from 35 mm. transparen-
cies taken on a #682 35 mm. camera. 
Thirty-five mm. transparencies of homografts !g ~ were 
made with a Miranda D, f. 1.9 (Soligor) and bellows extension 
on Kodachrome type A film, balanced for 3200 K light source 
by means of an 80 A filter. Prints were made by Kodak. 
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CHAPTER IV 
STAN~RDIZATION OF THE EFP BIOASSAY 
Introduction 
Early studies on rat epididymal adipose tissue showed 
that the response to insulin depended upon a number of factors. 
Epididymal adipose tissue obtained from 300 gram rats demon• 
strated lower glucose uptake and a depressed sensitivity to 
"pure" insulin standards. Tissues from lighter animals and 
segments below 60 mg. showed a greater glucose uptake both 
with and without insulin (17). 
By increasing incubation time from 3 to 12 hours, Bei• 
gelman and Onoprienko (20) found that fat pads demonstrated 
greater glucose uptake from the medium both with and without 
insulin thus allowing a more accurate determination of resi• 
dual glucose. Renold ~ £1• (77, 78) were able to detect 10 
micro-units of insulin per ml. while Beigelman (17) noted that 
on occasion the fat pad was sensitive enough to measure 1 
micro-unit/ml. In the present study, the rat EFP was investi-
gated with regard to establishing a reliable bioassay using 
glucose uptake as the parameter of insulin-like activity. 
Methods 
The preparation of tissues and medium were discussed in 
Chapter III. Fat pads were incubated for three hours according 
to the recommended balanced segment design (77) and the uptake 
of glucose measured as residual medium glucose (Somogyi-Nelson) 
was used as the parameter of insulin-like activity. 
Results 
Glucose uptake by the isolated rat epididymal 
fat pad in the absence of insulin 
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Effect of animal weight. Figure 1 illustrates the average 
glucose uptake of trissected fat pads from animels of dif-
ferent weight. In the absence of insulin, fat pads of lighter• 
weight animals exhibited greatest baseline activity. As the 
animal weight increased, this activity decreased. 
Effect of epididymal fat pad weight. Baseline glucose uptake 
also depended upon the individual weight of fat pad portions 
even within a given range of animal weight. Figure 2 shows 
that 50 - 100 mg. fat pads demonstrated greater baseline ac-
tivity than those weighing 100 to 200 mg. However, greater 
variability in baseline activity was found when animals and 
fat pads both were lightweight. When rat and fat pads were 
hea¥ier, baseline glucose uptake was reduced. 
Effect of portion sensitivity. With rat and fat pad weight 
constant within a specified range, the variability in baseline 
glucose uptake depended upon the differences in sensitivity 
of fat pad portions. This is illustrated in Figure 3. Distal 
portions removed more medium glucose per gram than medial seg-
ments. Both distal and medial portions almost always showed 
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Figure 1. Baseline ·glucose uptake by EFP from different weight rats. 
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Figure 2. Effect of EFP weight on baseline glucose uptake. 
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Glucose uptake by EFP portions in the absence 
of insulin. (each value ~epresents the average 
of 5 determinations) 
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closest to the epididymis). Lowest and least variable acti-
vity occurred when animals were in a weight range of 200 to 
280 grams and when fat pad portions weighed between 100 and 
200 mg. 
Glucose uptake by the isolated rat 
epididymal fat pad in the presence 
of insulin (insulin calibration cu~) 
Typical responses of the EFP to increasing concentrations 
of ste..ndard insulin solutions appear in Figure 4 where the 
res.ponses in three categories of animal weight a.re compared. 
In th.e general pattern of glucose uptake, fat pe .. ds in lighter 
animals (170 - 199 grams) were more sensitive to lower in-
sulin concentrations. In spite of their greater sensitivity, 
however, values in lighter animals were subject to great 
variation. On occasion, particularly when 50 - 70 mg. fat 
pad portions were obtained from 100 - 150 gram rats, it was 
possible t;o detect 15 micro•uni ts of insulin/ml. Aga.in, this 
was difficult to reproduce. 
While fat pads from rats weighing 200 • 240 gre.ms removed 
less glucose per gram and they were less sensitive to insulin, 
variability of the response was likewise decreased. In 240 -
300 gram rats, the dose-response curve was nearly linear from 
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Figure 4. Glucose uptake by rat epididymal fat pad in the 
presence of standard insulin solutions. (each 
value represents an average of 6 bioassays) 
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Specificity of the bioassay technique 
(non-pancreatic tissue) 
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Non-pancreatic tissue (cheek pouch epithelium, endogenous 
cheek pouch adipose tissue, spleen, mesenteric fat, smell in• 
testine, adrenal end thyroid) did not remove measurable glucose 
from the medium following three hours of incubation (tripli-
cate analysis, Somogyi•Nelson method). Moreover, fat pads 
incubated in this medium did not show increased glucose up• 
take. 
In anticipation of subsequent, assays, it was considered 
important to determine whether some of the tissues, failing 
to demonstrate !LA might, on the other hand, antagonize or 
inhibit the effect of insulin on the fat pad. Portions of 
cheek pouch epithelium and endogenous adipose tissue were in• 
cubated for three hours in a medium containing standard in• 
sulin at a known concentration. Even in the presence of in-
sulin, neither tissue showed measurable glucose uptake. More-
over, fat peds incubated in this medium removed as much glu-
cose as if incubated with standard insulin alone. Cheek pouch 
epithelium or adipose tissues did not inhibit the activity of 
standard insulin solutions. 
Discussion 
The combined observations on the glucose uptake by rat 
EFP in the presence and absence of insulin led to the e ste-
blishment of additional criteria: namely, that in a particular 
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assay, fat pads should be obtained from rats of near identice.l 
weight and in the weight ranges specified above. The results 
and conclusions are in general agreement with those of Renold 
~ !l• (77, 78) using Wistar rats. 
The approximate linearity of the dose-response curve ob-
tained in fat pads from 240 • 300 gram rats was important in 
the extrapolation of data. In the experimental design, only 
four "unknowns" could be analyzed. Two insulin standards: a 
"high" and "low" (e.g., 30 and 1000 mcU/ml., or 60 and 2.50 
mcU/ml., etc.) were simultaneously assayed. Glucose uptake 
observed at these insulin concentrations (analyzed in dupli-
cate) was plotted and a linear response was assumed. 
Thirty micro-units of insulin/ml. was the smallest quan• 
tity of insulin able to be measured under the present experi• 
mental conditions. In the hands of Renold (77, 78) and Bei-
gelman (18) the fat pad preparation was_more sensitive. 
Perhaps this was partly due to genetic differences in rats 
employed for assay purposes or to more sensitive parameters 
of insulin activity; namely, oxidation of glucose-l•Cl4 (8.5) 
and incorporation of glucose carbon into fatty acids or gly• 
cogen using uniformly-labeled glucose (92). 
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CHAPTER V 
OBSERVATIONS ON INTACT PANCREAS 
Introduction 
Although the islands of Langerhans in the golden ham-
ster have been described, little is known about their func-
tional development or their differential staining character-
istics. House !! !l• (50) reported that differentiation of 
beta cells began 4 - 6 hours after birth and that islets at-
tained adult characteristics by the fourteenth day. Detailed 
cytological descriptions have not been previously recorded. 
Furthermore, the intact hamster pancreas has not been eva-
luated with regard to its ability to tolerate ~ !!!£ glucose 
challenge (glucose tolerance) or to demonstrate insulin-like 
activity ~ !!!£ (i.e., in the blood). 
The present studies were undertaken in order to develop 
a rapid, reproduceable method of detecting beta cell granules, 
to determine when they appeared during islet development, and 
to relate the histological appearance with studies of func-
tlonal competence. These findings would form the basis for 
evaluating alloxanized and transplanted pancreas. 
Methods 
Routine and special staining techniques, procedures for 
direct incubation of pancreas and analysis of glucose tolerance 




Evaluation of cytochemical procedures 
With routine staining, it was impossible to differen• 
tiate cells in the islands of Langerhans. Generally speaking, 
islet cells were epithelioid in nature (Figure $). On the 
basis of nuclear staining, the islets appeared to be composed 
of two main types of cells. The most abundant contained round 
to oval nuclei with diffuse chromatin and a prominent eccentric 
nucleolus. The cytoplasm, only suggestively granular, could 
not be sharply delimited. A second type of cell was generally 
more compact. Nuclei were smaller and were dense with chroma-
tin. The cytoplasm was more eosinophilic and did not appear 
granular. The boundaries of these cells could be easily dis-
tinguished. 
Cytological detail was improved with Gomori•s chrome 
hematoxylin phloxine (Figure 6). Nuclei were crisp and clear, 
the cytoplasm showed flocculent granulation but alpha and 
beta cells could not be differentiated. Trichromes (Masson, 
Mallory and Gomori) were likewise ineffective. 
Staining with Scott's modification of Gomori's aldehyde 
fuchsin consistently gave good results but only the cytoplasmic 
granules of beta and acinar cells were demonstrated. Moderate 
preservation of granules was achieved after fixation in Zenker• 
formol but great care he.d to be taken to minimize the use of 
alcohols. Granules were not preserved after formalin fixation. 
Bouin's solution preserved beta granules best in spite of 
Figure 5. Island of Langerhans in normal adult 
golden hamster. (a, acinar tissue; 
b, islet tissue) H. & E., 940 X 
38 
39 
Figure 6. Beta cells in normal adult island of Langerhans. 
Chrome Hx. phloxine, 1000 X 
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subsequent alcoholic dehydration and differentia.tion. 
With aldehyde fuchsin (AF) (Figure 7.) the negative image 
of unstained nuclei wa.s apparent and the granulation so in• 
tense that cellular and nuclear boundaries were often obscurred 
(Figure 8). 
Considerable difficulty was encountered in preserving 
both the cytoplasmic granules and nuclear detail simultane• 
ously. Even after Bouin's fixation, AF +beta cell granules 
became indistinct following chrome alum or Weigert's hematoxy-
lins. Results were even poorer aftei Zenker-formol fixation. 
Reversing the staining procedure did not improve the differ-
ential cytology. 
After fixation in mercury bichloride, potassium dichro-
mate and neutral formol, according to Lazarus and Vol~ (62) 
beta cells retained their purple AF+ granules after Weigert~s 
acid iron hematoxylin provided the staining time did not ex• 
ceed 5' minutes. Alpha cell granules were preserved for the 
first time. The alpha cells, staining faintly pink with 
eosin and phloxine but quite red with chromotrope 2R, were 
adjacent to the exocrine pancreas and surrounded the centrally-
located beta cells (Figure 9). Alpha cells nuclei were sligpt-
ly more oval than were beta cell nuclei. Characteristically, 
however, alpha cell cytoplasm did not appear to be continuous 
about the nucleus but was usually found as a "tail" of granular 
' 
material. Alpha cell granules did not stain with aldehyde 
fuchsin. 
Figure 7. Nor-mal island of La.ngerhans ( 1) showing 
granules in beta cells and acinar tissue 
(a). Aldehyde fuchsin, 100 x. 
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Figure 8. Detail of beta cell granules in normal islet. 
Nuclei unstained (N}; (A) acinar tissue and 
gra.nules. Aldehyde fuchsin, 1000 X. 
Figure 9. Normal island of Langerhans fixed according 
to method of Lazarus and Volk (62). Cells 
adjacent to acinar tissue (ac t) are alpha 
cells (a) with granular cytoplasmic "tails" 
and oval nuclei. Beta cells (b) more cen-
tral, enclosed by granules. AF, Weigert's 
HX, chromotrope 2R, 450x. 
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Unfortunately, this stain was not regularly reproduce• 
able. ~fferentiation of the counterstain leached the color-
ation of the alpha cells. Overstaining the alpha cells served 
only to mask the purple granulation of beta cells. 
Most rapid and r eproducee.ble results were achieved by a 
combination of aldehyde fuchsin with orange G (Figure 10) or 
with phloxine light green (Figure ll) · following Bouin's fix• 
ation. Typically, purple-staining beta cell granules were 
polarized about capillaries within the islet. Other islet 
components assumed the color of the counterstain. 
Attempts to differentiate alpha cells by Davenport's 
silver nitrate method (62) proved unsuccessful. Islet cell 
types other than alpha and beta cells could not be demonstrated. 
Developmental cytology. At approximately two days before 
birth (48 - 56 hours) the pancreas showed acinar clusters sus-
pended in mesenchymal connective tissue. Pyramidal*shaped 
acinar cells were often so compact that the lumena they en-
closed were obscurred (Figure 12). Apical portions of cells 
showed round, highly refractile granules (Figure 13). An 
abundance of ductal tissue was composed of low columnar or 
cuboidal cells. Although mitotic figures were not found, the 
proximity of acinar clusters to ducts suggested active develop-
ment. Islands of Langerhans were not observed and even staining 
with aldehyde fuchsin failed to demonstrate positively-stained 
cells •. 
Two days later, i.e., 2 hours after birth, the pancreas 
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Figure 10. Normal island of Langerhans, adult hamster 
showing purple beta cell granules. (arrow) 
polarized about capillaries, (c) within the 
islet, (Ac t) acinar tissue. Aldehyde 
fuchsin • orange G, 300 X. 
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Figure 11. Normal island of Langerhans, adult hamster. 
Beta cell granules purple (b), alphe. cells 
and other islet components staining with 
light green (a). AF phloxine, light green 
940 x. 
Figure 126 Fetal pancreas 48~56 hours before birth 
showing compact acinar clusters (A) 
suspended in mesenchymal tissue (M). 
H. & E., 450 X. 
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Figure 13. Fetal pancreas 48~56 hours before birtho 
Detail of acinar cluster~ showing pre-




revealed considerable structural modification (Figure 14 color). 
Acinar tissue had condensed into a more compact parenchyma 
while the supporting connective tissue showed fiber formation. 
Distinct islets of Langerhans were not seen. In some regions, 
however, the cellular arrangement created the impression that 
a few acini had "unfolded" leaving a cluster of atypical cells. 
Although cells were faintly granular, none stained character-
istically with aldehyde fuchsin {Figure 15 color). However, 
the arrangement of these 11presumptive islets" suggested that 
the islands of Langerhans were beginning to differentiate. 
Nuclei of peripheral cells were generally more oval in shape. 
By the second day after birth, islands of Langerhans 
were present although acinar-to-islet cell continuity per-
sisted. Cells, central in the islets, showed intense alde• 
hyde fuchsin positive {AF+) granulation, characteristic of 
beta cells {Figure 16). The peripheral cells, granular but 
not staining ,with AF, occupied a position chare.cteristic of 
alpha cells. 
The islets appeared to have mature characteristics by 
the 30th day {Figures 5·11). Islets usually varied in size 
and shape and a.s in other species, they were more numerous 
in the tail portion of the pancreas. 
Biochemical correlation of cytochemical findings 
Pancreatic portions incubated in a 250 mg% glucose-con-
taining medium {3 hours) did not show emoval of glucose from 
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Figure 14. Neonatal pancreas 2 hours after birth 
showing condensation of acinar clusters, 
fiber formation and."presumptive islets" 
(arrows). AF, 100 x. 
Frgure 15. Neonatal pancreas 2 hours after birth. 
Detail of presumptive islet. Note acinar-
to-islet continuity and fa.int granula-
tion in "islet" cells (ar~ows). Ac t, 
acinar tissue. AF - O~ange G, 1000 x. 
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Figure 16. Neonatal pancreas 2 days after birth. Central 
islet cells showing intense granulation (arrows) 
characteristic of beta cells. AC, acinar tissue. 
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the medium. The medium, however, stimulated the glucose up-
take by rat epididymal adipose tissue. Table II summarizes 
the average ILA obtained from pancreases at various develop-
mental ages. 
The demonstration of in vitro ILA by fetal pancreas sug-
gested that the "presumptive islets" were biochemically com-
petent before they were normal structurally. The slightly 
higher va.lues for ILA . obte.ined from the 2-hour neona ta.l pan-
creas could have been due to a greater development of the 
"presumptive islets" but this was not apparent histologically. 
The most positive correlation of structure with function 
was ob~ained from the 2-day .Postnatal pancreas which showed 
AF+ beta cell graQ.ulation and demonstrated considerable ILA. 
On the average, 2-day postnatal pancreas showed more ILA than 
the 2-hour neonatal pancreas but per unit weight of tissue, 
values were not significantly different. 
As older pancreases were assayed, the output of ILA de• 
creased to the point where a pancreas from a year-old ham• 
ster demonstrated essentially 10 times less ILA/mg. than it 
did at birth. However, the development of islets was accom• 
panied by a greater development in the exocrine pancreas. · Al• 
though the pancreas was smaller in the two-day old hamster, 
the ratio of islets to acinar tissue wa.s grea.ter than in the 
adult. In older animals, the ratio of islets decreased in 
propor~ion to the large mass of exocrine pancreas. Increase 
in .the amount of proteolytic activity was believed to be 
Chronological Ave rage MierO{)nits IL A I 3 Hrs. incubation 
Condition age # w't.(mg) Ave. I ranqe I ILA/ mq. 
Fetal 16d. 12 hrs 7 3 . 4 222 1145·300 1 64.99 
Neonata I 2 h rs . 6 4.4 302 1255-350 1 6 9.06 
Postnatal 2 days 8 5 .3 361 1 90-835 1 6 8. 1 1 
3 o days 1 0 6. 1 1 1 3 I 6Q-220J 18.5 3 
"' 
200 days 1 0 2 7 . 1 364 1 200-125! 13.43 
360 days 6 64.6 418 1 33Q-4651 6.47 
11 
Table II. In vitro insulin-like activity of intact pancreas. 
¥1 
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responsible for the decrease in effective !a vitro ILA from 
islets of older hamsters. Differences in output rates may 
be accounted for also by differences in ratio of islet to 
e.cinar tissue uncompensated by expressing output per unit 
weight of whole pancreas. 
Incubated pancreases were processed for histological 
confirmation of islet tissue in order to relate the number 
of incubated islets to the ILA obtained. When the peripheral 
parenchyma of adult pancreas was incubated, little to no ILA 
was found. This was correlated with the histological absence 
of islet tissue in tne assayed portion. Failure to demonstrate 
insuli~-like acti_vity in exocrine ·pancreas further attested 
to the specificity of the rat EFP bioassay under existing ex~ 
perimental conditions. 
When islets were numerous, in vitro ILA was also generally 
high but in a wide range of responses. Although structural 
'\ 
details of incubated islets were considerably modified, AF+ 
beta cell granules were found but were less numerous than in 
unincubated pancreas. 
Studies on the Rate of ILA Release In Vitro 
Effect of glucose (250 mg%) versus 
glucose-free incubation 
Portions of adult pancreas were incubated either with or 
without glucose. The media were removed and fresh medium re-
praced at hourly intervals. 
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Figure 17 compares the average hoUJrly ra.te of !LA release 
by portions of adult pancreas under unchallenged (glucose•free) 
and challenged (250 mg% glucose) conditions (values at each 
time interval represent an average of 5 determinations). 
In the absence of glucose, small- quantities of !LA were 
released by the pancreas. Glucose significantly stimulated 
ILA release. Although the rate of !LA release was reasonably 
constant over a three-hour period, the loss of activity during 
the third hour suggested tha.t a depletion of !LA rna terial had 
occurred. Islets examined at the end of the third hour showed 
a depletion of AF+ beta cell granules. 
The release of !LA by unstimulated pancreas remained 
unexplained. It is possible that in the unstimulated state, 
small qua.nti ties of !LA were released as a consequence of 
agitation. The substantial increase between the second and 
third hours quite possibly represented the death of cells and 
consequent release of s tored intracellular insulin. Histolo• 
gically, unstimulated islets stained qualitatively darker 
with AF. 
When average !LA was combined for the three hour period, 
the values for glucose-stimulated pancreas were over 15 times 
greater than for unstimulated pancreas. 
Effect of short-term stimulation with glucose. Figure 18 
shows the release of !LA by adult pancreas incubated in a 
medium which was removed and replenished at regular intervals 
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Figure 18 0 Effect of short- term glucose stimulation on the rate 








With regular glucose stimulation, ILA was observed to 
fluctuate between periods of increased and decreesed release. 
Increased ILA occurred only a.fter every other glucose sti""' 
mulus (i.e., after stimuli# 1, 3, 5). 
The fact that depressed ILA rele.e.sed occurred in spite 
of continual glucose stimulation suggested that the pancreas 
became refractory if two stimuli were applied within 15 
minutes of each other (in vitro). 
Following each period of depressed activity, however, the 
pancres.s responded by greater ILA release until maximum 
output was achieved at 90 minutes. This "staircase pattern" 
of ILA release suggested that the pancreas experienced both 
refractoriness and recovery in response to short-term glucose 
stimulation. 
When the average ILA over three hours was combined, the 
glucose stimulated pancreas was found to release 20 times 
more ILA than unstimula.ted pancreas. Combined values avera.ged 
12.1 mcU ILA -- a value in agreement with that found for 
continuously incubated 200-day pancreas in Table II• 
Effect of altered incubation schedule. The staircase pattern 
of ILA release occurred in such a regular fashion during the 
first 120 minutes of incubation when the medium was replenished 
at regular intervals that it was believed that the periodic 
changes of medium might have served as a stimulus for ILA 
release. In subsequent experiments, the incubation schedule 
was changed. Pancreases were incubate in a glucose-free 
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medium for the first 15 minutes a.nd challenged with glucose 
freshly added thereafter at the termination of 15, 30, and 
45 minute intervals during continuous incubationo 
The results summarized in Figure 19 (values at each 
time interval represent an average of 5 determina.tions) show 
that in a given incubation schedule, it did not matter when 
the glucose stimulus was applied. The fluctuating pattern 
of ILA release was preserved. 
Residual effect of a single glucose stimulus. Figure 20 
(values at each time interval represent an average of 5 de• 
terminations) shows the r elea.se of ILA by pancreas receiving 
a single glucose stimulus in vitro at the termination of 
incubation for 15 minutes in glucose-free medium. 
Following 1.5 minutes of glucose stimulation, there wa.s 
a four•fold increase in the amount of ILA released. When the 
stimulus was removed for the next 15 minutes of incubation 
(30 - 45 minutes), ILA fell to approximately 50% of the 
stimulated value but was still higher than values obtained 
in unstimulated pancreas. This suggested that glucose stiM 
mulation was residual. Continued incubation in a glucose-free 
medium resulted in a further lowering of the ILA (at 60 
minutes). At this time there were no significant differences 
in ILA release by singly-stimula.ted or unstimulated pancreas. 
Glucose Tolerance and Serum ILA 
- ~fficulty was encountered in det cting serum ILA in the 
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Figure 20. Residual effect of a single glucose stimulus 




variable (Ranget 30 • 300 mcU ILA/ml.). With a serum 
dilution of l to 4, it was likely that the !LA was beyond 
the lowest limit of reproduceable bioassay sensitivity (30 
mcU pure insulin/ml.). Values before glucose stimulation 
were obtained from pooled samples. 
Serum frozen for one week did not lose appreciable ILA. 
Assays of pooled fresh a.nd . frozen sera agreed within !. 50 
mcU ILA/ml. 
The bioassay of serum !LA during the glucose tolerance 
is illustrated in Figure 21. Following glucose intraperi• 
toneally (400 mg./100 g. body weight), the blood sugar reached 
maximum values between 1.5 and 30 minutes. Maximum serum !LA 
also occurred at this time. 
Discussion 
In. beta cells, the presence of aldehyde fuchsin positive 
granulation is generally regarded as an indi6ation of their 
high insulin content. Barnett !! al. (1.5) however, observed 
that while AF stained discrete granules, the material stained 
with a specific sulfhydryl~disulfide•active agent (2,2'• 
dihydroxy.-6,6 1 dinaphthyl disulfide, DDD) was only suggestively 
granular. While DDD rea.cted with precipitated insulin !a 
vitro, aldehyde fuchsin did not indicating that the latter 
was not specific for insulin. They noted, however, that 
following a diabetogenic dose of alloxan, a complete absence 
of AF+. beta granules (mouse and rat) was accompanied by a 
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They concluded that there was a close relationship between 
the ·granular content of beta cells (i.e., AF+ and DDD+ material) 
and the insulin content of the pancreas. 
The present studies support these conclusions. Beta 
cells releasing ILA as a result of in vivo apd 1£ vitro 
glucose stimulation were depleted of their AF+ granulation. 
An exception to these findings was obtained in fetal islets 
which failed to show AF+ ~ranulation yet demonstrated consi-
derable ILA. This would suggest tha.t AF+ granula.tion, though 
not requisite, accompanied ILA release. 
Bouman (26) reported that during incubation of duct-
ligateq rat pancreas, insulin released increased glucose 
uptake in the rat diaphragm. He also concluded that with 
unligated pancreas, proteolytic inactiva.tion accounted for the 
lack of an insulin effect. 
The fact that it was unnecessary in the present studies 
to duct•ligate normal hamster pancreas in order to detect ILA 
in vitro might have been due to several . reasons. Antoniades 
pointed out that pancreatic insulin was largely "bound" and 
while inaccessible to skeletal muscle, was available to rat 
epididymal adipose tissue. Another possible explanation was 
found in Lauris' work (61). In comparing the action of 
insulin on rat diaphragm and E:FP in vitro, she observed tha.t 
the EFP was more sensitive to lower doses of pure insulin 
and suggested tha.t the lesser responsiveness of the diaphragm 
was due to trauma. caused during its removal from the animal. 
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Studies on the r ate of !LA release i.ndi ca ted that the 
pancreas demonstrated fluctuating activity in vitro in 
response to brief but regular glucose stimulation. The 
occurrence of decreased ILA in spite of simultaneous glucose 
stimulation suggested that the pancreas experienced a relative 
refractoriness to glucose if two stimuli were applied within 
a short time of each other. The fact that recovery did occur 
suggested the_t during this refra.ctory period, a relocation, 
resynthesis, or e.ctivation of additional ILA material had 
occurred. 
The mechanism by which glucose stimulates beta. cells to 
releas.e insulin (or insulin-like aetivi ty) cannot be explained 
on the basis of present knowledge. 
The rapid rise of serum !LA during the glucose tolerance 
is in agreement with studies on the relationship of blood 
glucose to blood insulin. In cannulating the pancreatic vein 
of dogs following glucose infusion, Met~ (66} found that as 
the blood glucose rose, the plasma insulin concentration also 
rose (rat diaphragm bioassay). He concluded that hypergly-
cemia provoked the liberation of extra insulin from the 
pancreas and that the rete of insulin secretion was a continuous 
function of the blood sugar concentration. 
Anderson and Long (2) in perfusing isolated rat pancreas 
in vitro also found that a high level of glucose in the 
perfusate directly stimulated the islet cells to secrete 
insulin (in~ assay using A.D.Ho rats). 
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CHAPTER VI 
OBSERVATIONS ON ALLOXANIZED PANCREAS 
Introduction 
Since the initial experiments of Dunn ~ al. (33) on its 
diabetogenic effect, alloxan has been used in many species to 
study experimental diabetes mellitus. Lukens (63) revieW>ed 
the subject in 1948. Originally, alloxan was described as 
causing a. partia.l chemical pancreatectomy. Recently however, 
consi.derable question ha.s been raised as to the severity and 
duration of the diabetogenic effect. It has been reported 
that islets in rodents have an indefinite capacity to regen• 
erate. This has been used as evidence for the temporary 
diabetogenic effect of alloxan. 
The diabetogenic effects of alloxan have not been 
systematically studied in the golden hamstero Emphasis has 
been placed on beta cytotoxic effects and upon resultant 
hyperglycemia a.nd glycosuria but attempts to relate these 
changes with physiological (glucose tolerance) and direct and 
indirect bioassay methods (direct pancreatic incubation and 
serum insulin ... like activity) have not been previously performed. 
House and Tassoni (54) categorized alloxanized golden 
hamsters as having three types of insulin-independent dia• 
betes~ . mild, transient, and severe. In previous studies (79) 
alloxanized golden hamsters were found to be dependent upon 
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insulin for survival even after one year of diabetes. If 
insulin was withdrawn for several days, the animals developed 
severe glycosuria and ketonuria, became dehydrated and died. 
In the present study, the cytological and biochemical 
findings determined for intact islets in nondiabetic hamsters 
were applied to alloxan diabetic golden hamsters in order to 
determine the degree of severity and duration of alloxan 
diabetes. 
Methods 
H~stological and in vitro incubation procedures were the 
same ~s those used for intact pancreas. 
Blood sugars of a.lloxa.n diabetic hamsters, maintained 
with NPH u ... 40 twice daily (dose range:: 2.4 to 4.0 units per 
' 
day) were determined at regular intervals (Somogyi-Nelson). 
All blood samples were obtained 17-18 hours following the 
last insulin administration. 
Urine was tested for glycosuria and ketonuria as pre" 
viously described under General Methods. Diabetic animals 
were subjected to glucose tolerance and th~ir sera bioassayed 
for ILA according to methods previously des.cribed for normal 
hamsters. 
Results 
Cytological effects of alloxan. The effects of alloxan were 
evident on the day following administration. Thirty days 
following alloxanization, beta cells in the islands of 
Langerhans showed varying degrees of necrosis {Figure 22). 
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Figure 22. Island of Langerhans from alloxan diabetic 
hamster, 30 days of diabetic duration. 
AC, acinar tissue; arrows, " ballooning 
degeneration" of beta c lls. 
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The absence of AF+ beta cell granules was particularly striking. 
Many cells showed a characteristic cytoplasmic vacuolization 
described as a "ballooning degeneration" by Lazarus and Volk 
(62). Cells undergoing ballooning degeneration showed pyknotic 
nuclei and either vacuolization or a· complete absence of 
cytoplasm. Some cells showed .fine, uniformly distri.buted 
granulation which did not stain with aldehyde fuchsin. Neither 
alpha cells nor acinar tissue showed histological changes. 
After 200 days of diabetes, many islets showed a complete 
lack of centrally-located beta cells (Figure 23) -- the area 
having been replaced by fibroblasts. Alpha cells continued 
to form a characteristic ring about the islet. 
Blood .and urinary findings 
Figure 24 shows the average blood sugar or 30 diabetic 
animals over a 15~week period. With the prescribed insulin 
treatment and precise timing of blood sampling, the blood 
sugar in diabetic animals avera.ged between 300 and 400 mg%. 
Blood sugars of animals diabetic for as long a.s 200 days were 
not significantly different. 
The sampling of blood 17 ... 18 hours following the last 
insulin dose was chosen as a matter of convenien~e. Blood 
sugars at shorter durations following insulin were not 
determined. Since with insulin twice daily animals seldom if 
ever went without insulin for longer than 18 hours, the values 
in Figure 24 represented the maximum da ly hyperglycemia. 
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Figure 23. Island of Langerhans from diabetic hamster, 
200 days of diabetes. Central beta cells 
replaced by fibroblasts. {F, Alpha cells {A) 
form a characteristic ring about the islet) 
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Diabetic hamsters maintained with insulin twice daily 
excreted loO to 2.2 grams of glucose per day. Animals whose 
insulin had been withheld for 48 hours excreted up to 8 grams 
of glucose per day. 
Urine was virtually free of ketones with regular insulin 
treatment. When ketonuria was observed, the morning insulin 
lowered ketonuria within 1! hours and abolished even 4+ 
ketonuria within 4 hours. With the same treatment, glycosuria 
was diminished 6 to 8 hours following the morning insulin. 
Incubation of alloxanize.d pancreas. Portions of pancreas 
from 21 diabetic hamsters were incubated in medium containing 
250 mg% glucose (5 at 30 days, 6 at 90 days and 10 at 200 
days of diabetic duration). 
No measurable insulin-like activity could be detected 
regardless of the diabetic duration. Histological exarnination 
following incubation confirmed that all portions of pancreas 
selected for incubation contained islets. All islets showed 
beta cell necrosis and an absence of AF+ granules. 
Glucose tolerance and Serum ILA. The average glucose tolerance 
of 30 golden hamsters with a 90•day duration of alloxan dia ... 
betes is illustrated in Figure 25. All diabetic animals 
showed an obvious deficiency in their ability to tolerate in 
~ glucose challenge. At a. time following glucose adminis-
tration when nondiabetic animals returned to normoglycemia 
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average of 10 determinations). 
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Serum insulin-like activity could not be detected in 
any of 30 animals diebetic for 90 days. One animal, however, 
showed a single value which was only 5% of the average 
maximum serum !LA obtained in nondiabetic animals at a com-
parable 30 minutes following glucose. This animal had 
received 4.0 units of NPH 17 hours previous to blood collection 
and it was believed that residual exogenous insulin was 
detected. 
Measurable !LA could not be detected in any of 10 serum 
samples from hamsters with alloxan diabetes for 200 days. 
Furthermore, no significant differences could be found in the 
average glucose tolerance of animals with either a 30- or 
200-day duration of diabetes. 
Discussion 
Several methods have been used to produce experimental 
diabetes mellitus. The surgical and nutritive risks attending 
partial or complete pancreatectomy have led to the use of the 
diabetogenic drug, alloxan. The magnitude of injury to beta 
cells as a result of alloxanization has, by different techniques, 
resulted in symptoms of diabetes which range from slight, 
transient hyperglycemia and glycosuria not requiring insulin 
(54, 68) to a severe insulin-dependent diabetes punctuated by 
frequent bouts of acidosis (80). 
Disagreement as to the severity of the diabetogenic effect 
·appears to be related to the dosage of.alloxen employed and 
the previous dietary state of the animal. If the same amount 
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of alloxan diabetogenic for 18 - 20 hour fasted hamsters was 
administered to fed animals, the latter did not develop 
diabetes. In the guinea pig, for example, alloxan does not 
appear to have a permanent effect regardless of the dosage 
(55, 58). On the other hand, Collins-Williams~ al. (29) 
observed that the failure to produce a permanent diabetes 
in the guinea pig depended on the fact that the margin between 
the diabetogenic dose and that which caused marked anemia and 
fatal kidney damage was narrow. 
The beta•cytolytic effects of alloxan reported in present 
studies agree with results obtained in other species. It 
cannot be said with certainty whet the residual granulation 
in alloxanized beta cells represented. It did not stain 
characteristically with aldehyde fuchsin either before or 
after incubation. The failure of alloxanized pancreas to 
demonstrate ILA in vitro would indicate that the granules were 
not involved in the release of insulin•like activity. 
It is concluded that under present experimental conditions, 
the administration of alloxan at the specified dose and treat• 
ment of the diabetes with insulin as recommended produced a 
severe insulin-dependent diabetes for at least 200 days in 
the golden hamster. This was evidenced histologically by the 
absence of AF+ beta cell granules, failure of alloxanized 
pancreas to demonstrate ILA in vitro, by the inability of 
diabetic hamsters to tolerate in !!!£ glucose challenge and 
by the absence of detectable ILA in the serum. 
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In a small percentage of animals, the requirement for 
insulin decreased after 250 to 300 days of diabetes. Insulin 
could be withdrawn from some animals for as long as 72 hours 
without the development of ketosis. Invariably, however, 
animals lost weight and eventually developed severe ketonuria. 
Islet regeneration could not be demonstrated. The excised 
ps.ncreases did not demonstrate ILA in vitro end the animals 
..... 
continued to show impaired glucose tolerance and an absence 
of detectable insulin-like activity in the serum. 
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CHAPTER VII 
OBSERVATIONS ON TRANSPLANTED PANCREAS 
Introduction 
In the course of transplanting pancreatic tissue, 
several investigators reported that the ability of pancreas 
homografts to become established decreased as the age of the 
donor tissue increased (27, 51). It was suggested that the 
absence of complete development would not provoke im~uno-
logical reactions in the host. ·Previous. histological studies 
(Chapter V) revealed the incomplete differentiation of 
"presumptive islets" in fetal and neonatal pancreas. The 
demonstration of ~ !!tro insulin-like activity by fetal and 
neonatal pancreas, however, suggested that in spite of their 
incomplete structure, the tissues were physiologically competent. 
Although homologous pancreas has been introduced into 
the golden hamster by others, little is known about the his• 
tological fate of regenerating transplants. Direct studies 
of such transplants with regard to the preservation of 
functional competence following implantation have not been 
made. Indirect studies of the beneficial effects in homograft· 
bearing diabetic animals, while useful, were not entirely 
clear since the diabetes of the host was not adequately inves• 
tigated with regard to severity, duration and dependence on 
insulin. 
The present study was based on the histological, 
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physiological and biochemical findings for intact and allox-
anized pancreas. Specifically, homografts of pancreatic 
tissue were evaluated histologically and bioassayed for !a 
vitro ILA after various periods of regeneration. Values for 
glucose tolerance and serum !LA obtained from homograft-
bearing diabetic hamsters were compared with findings in non-
homograft-bearing alloxan diabetic hamsters. 
Methods 
Histological and !a vitro incubation procedures were 
similar to those used for intact and alloxanized pancreas. 
Homografts of fetal pancreas (2 to 6 hours before birth) and 
neonatal pancreas (30 minutes to 6 hours after birth) were 
implanted into the cheek pouch of nondiabetic and alloxan 
diabetic golden hamsters. All animals were between 120 and 
150 days old when they received implants. Alloxanized 
hamsters had been diabetic for thirty days. 
Alloxanized diabetic hamsters were treated with insulin 
twice daily for 30 days before receiving pancreas transplants. 
Subsequent to transplantation, diabetic hamsters were divided 
into two groups according to the regulation of the diabetes 
as follows: 
Series I: Twice a day insulin treatment (2X NPH) was 
continued for two weeks following homograft implantation. 
Thereafter, the animals were regulated with insulin once 
daily (30 - 40% less insulin per day). 
Series II: Diabetic hamsters were treated with insulin 
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twice daily until 2 days before homograft implantation. At 
this time and in the days following, the animals received 
insulin once daily (1 X NPH). 
Blood sugars were obtained before and after transplanta• 
tion. Since all diabetic animals were treated with insulin 
once daily, it was necessary to restore all homograft-bearing 
animals to the same insulin dosage before homograft implanta• 
tion in order to compare the blood sugars. This procedure, 
called "insulin titration" was also performed on non-homograft-
bearing diabetic animals. 
Results 
Factors affecting homograft growth and survival 
Homografts of fetal pancr~. Figure 26 compares the average 
growth of 10 fetal pancreas homografts in nondiabetic and 34 
in diabetic hamsters (Series I). The establishment of fetal 
pancreas in nondiabetic hosts, in agreement with the observation 
of House et al. (60), indicated that a deficiency in the 
corresponding host pancreas was not required and further 
suggested that the donor tissue did not possess sufficient 
antigenicity to be rejected. Homografts of fetal pancreas 
grew larger in diabetic as opposed to nondiabetic hamsters. 
However, Figure 27 shows that the homografts of fetal 
pancreas survived better in the nondiabetic animal• The 
greatest decline in homograft survival occurred during the 
first two weeks following implantation, a time coincident with 
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increase in homograft size occurred after the cessation of 
twice-a-day insulin treatment. Since fetal pancreas intro-
duced to both groups of animals was of the same developmental 
age, it was inconceivable to attribute the inferior homograft 
survival in diabetic animals to immune reactions between donor 
tissue and diabetic host. The findings suggested that insulin 
administered twice daily was inhibitory to establishment and 
survival of transplants. 
Figure 28 illustrates the average growth and survival 
of 31 fetal pancreas homografts in diabetic animals maintained 
with insulin once daily (Series II: l X NPH). 
There were no significant differences in homograft size 
betieen Series I and Series II animals. However, homograft 
sur vi val was impr·oved nearly three-fold. After 60 days of 
regeneration, 48.4% of the homografts originally introduced 
into Series II animals (1 X NPH) survived as opposed to only 
17.6% remaining in Series I (2 X NPH) diabetic animals. 
Homografts of neonatal pancreas. Figure 29 compares the 
average growth of 18 neonatal pancreas homografts in non-
diabetic and 17 in Series. I diabetic animals. 
Homografts of neonatal pancreas showed notable differ-
ences as compared with fetal pancreas homografts. At 15 days, 
in nondiabetic hamsters, they were as large as fetal pancreas 
homografts in nondiabetics after 60 days. The significant 
increase in size at this period was the first indication that 
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Figure 30, however, shows that the survival of neonatal 
I 
pancreas was greater in the nondiabetic group, in agreement 
with the findings for fetal pancreas. 
With regard to nondiabetic animals, homogra.fts of fetal 
pancreas showed an overall better survival rate than those 
of neonatal pancreas. In ~eing slightly more developed, 
neonatal pancreas ·perhaps evoked immunological reactions. 
No trace of 12-hour postnatal pancreas homografts were found 
after the second week. 
Growth and survival o~42 neonatal pancreas homografts 
in Series II diabetic anime.ls is illustrated in Figure 31. 
These homografts grew la.rger a.nd survived better than in any 
other previous group. Further studies were directed toward 
' neonatal pancreas homografts in Series II diabetic hamsters. 
Cytological sequence of regenerating 
pancreas transplants 
Pancreatic autografts. Autografts of intact pancreas appeared 
to "taken and "grown, however accura.te measurements could not 
be obtained since transplants were cyst-like and filled with 
fluid. Figure 32 shows a cheek pouch containing autografted 
pancreas 21 days after implantation. 
The cheek pouch showed extensive fibrosis, the matrix 
of which appeared hyalinized and acidophilic. Blood vessels 
were distended and engorged with opaque eosinophilic material. 
















s 1 0 
Nondiabetic-
Oiabet ic 11111111 
15 20 25 30 35 40 4S 
Days follow1ng 1111plantal1011 
87 
s 0 s s 6 0 
F~gure 30. Survival of neonatal pancreas homografts 










i .. I_ so 
3 5-1 
= 
i I I !!! i - i I_ 70 
{7 I I 30_1 ; I I I 0 I i 5 I 60 0 
> 
> 
I i ! E 2 5-1 I ! I I I / I i ~ E ! -50 V) = c 2 o_l I I I I I I I ~ / I = ·- ! ! 40 
0 
Q) 






1 o _I I --0 I I I I I I !!! I ! 1-20 
11 5 I ~--- r·--r' I I I ; ; I I_ 1 o I ! 
I I I I I I 
5 1 0 1 5 2 0 2 5 3 0 3 5 4 0 4 5 . 5 0 5 5 6 0 
Days following implantation 
Figure 31. Growth and survival of neonatal pancreas homografts 
in Series II diabetic hamsters. 
Ct> 
Ct> 
Figure 32. Pancreatic autograft 21 days after 
implantation. Cheek pouch shows 
extensive fibrosis and hyalinization 




were AF+ granular cells. They did not resemble beta. cells 
either in size, shape or arrangement. Islet tissue was not 
found in any of 1.5 autogrs.ft pre para tiona. After 20 days, 
acinar tissue was virtually absent. It is possible that the 
fluid-filled cysts representing the accumulation of proteo~ 
lytic secretions resulted in the destruction of acini and 
islets. 
Neonatal pancreas homografts. After two days of implantation, 
acinar tissue showed a loss of granulation and vacuolization 
indicative of degenerative changes (Figure 33). 
By .5 days, the homografts appeared to have been vascu~ 
lari~ed {Figure 34). Some cells showed definite aldehyde 
fuchsin positive granulation (Figure 3.5). Other regions 
showed progressive degeneration of the exocrine tissue (Figure 
36). 
At 7 days post~implantation, exocrine tissue showed 
extensive necrosis (Figure 37). Ductal epithelium was reduced 
and nuclei were pyknotic. 
Acinartissue was in a more degenerate state by day 15 
{Figure 38). Veins were distended and filled with acellular 
eosinophilic material. The cheek pouch showed an increase in 
fat and mast cells. In spite of this dis_organiza tion, small 
"islet-liken regions were found (Figure 39). They contained 
cells with large round or oval nuclei and tails of AF+ granular 
cytoplasm. 
A well~vascularized 30-day transplant appears in the next 
Figure 33. 
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2-day neonatal pancreas homograft showing 
degeneration of acinar tissue, (arrows) 
fibrosis and edema (E) in the cheek pouch. 
H & E, 100 X. 
Figure 34. 5-day homograft of neonatal pancreas. 
· Epithelioid cells in the center (arrow) 
are surrounded by blood ·vessels engorged 
with erythrocytes (BV). Weigert's Hx, 
aniline-blue-orange G. lOOX. 
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Figure 35. 5•day homograft showing cells with AF+ 
granulation (arrows). AF., 1000 x. 
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Figure 36. 5~day homograft showing progressiv~ degenerstion 
of acinar tissue (AC). The compact mass of cells 
at top of photograph (arrow) could not be 
identified. RBC, erythrocytes. Weigert's Hx., 
aniline blue-orange G, 450 x. 
Figure 37. 
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7 ... de..y homograft of neonatal pancreas showing 
extensive acinar degeneration {AC), fibrosis 
(arrow) of degenerating elements and edema 
{E) in the cheek pouch • . H & E, 100 X. 
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Figure 38. 15-day homograft of neonatal pancreas. Note 
the distended vein (V), adipose tissue (ad t) 
and vesicles representing degenerating exocrine 
tissue (arrows). AF., 100 x. 
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Figure 39. 15wday homograft of neonatal pancreas showing 
"islet-like" area containing cells with "tails" 
of AF+ granular cytoplasm. AF, 1000 x. 
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photograph (Figure 40). With transmitted light, the large 
mass appeared to be almost entirely composed of adipose 
tissue. The latter, however, was opaque, compact and more 
vascularized than the adipose tissue usually found in the 
cheek pouch. The dark spot in the center, originally desig-
nated es a "blood spot" (center of transplant, Figure 40) 
was found only in neonatal pancreas homografts (24% in non-
diabetic hosts and 14% in Series II diabetic animals). The 
area, usually located peripherally to the adipose tissue, 
was oval or comma-shaped and by comparison was the most 
vascular region in the transplant. 
ijy more careful examination, it was possible to describe 
three types of homografts on the basis of their gross appearance. 
Homografts bearing the spot, designated as B homografts, are 
illustrated in Figure 41 (color). Another type of homograft 
(P homograft) appeared pink by transmitted light (Figure 4.2, 
color). A third type of transplant called an A homograft, 
appeared to be entirely composed of adipose tissue. At the 
time it seemed that A and P homografts differed only in vas-
cularity. 
Since A and P homografts were histologically composed 
only of adipose tissue, attention was directed to the B 
homograft. 
Figure 43 shows a B homograft after 45 days. The B spot 
was composed of a compact mass of nucleated cells enclosed by 
thin fibrous tissue. There were four main populations of 
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Figure 40. 30•day homograft of neonatal pancreas in 
~· Note the spot in the center of the 
transplant (arrow). 30 X. 
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Figure 41. Two homografts of neonatal pancreas at 30 
days. Note that each has a "B" spot 
(arrows) and that they are the ·most vascular 
regions in the transplant. 3 x. 
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Figure 42 • "P" type nomogra ft at 30 days • 3 X • 
• 
Figure 43. 45-day B-type homograft. 
100 x. 
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Chrome H.x eosin. 
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cells: polymorphonuclear leukocytes, lymphocytes, reticulum 
cells (histiocytes), questionable plasma cells and epithelioid 
cells. Numerous blood vessels were found in the periphera.l 
region and serial sections showed that they penetrated the 
compact mass. 
Figure 44 shows a section of a 60 ... ds.y B homograft !E;. 
~· At higher magnifiyation (Figure 45) the mixed cellular 
population suggested a parenchymal structure. Intercellular 
spaces contained amorphous ma terie 1 which s ta.ined faintly 
basophilic with routine stains. 
Aldehyde fuchsin staining of the B area at 90 days 
resulted in an intense reaction (Figure 46) particularly at 
the peripheral portions of the B area,. adjacent to the 
numerous blood vessels. Central regions, being proportionately 
less vascular, showed less AF+ granulation. Some cells 
showed cytoplasmic vacuolization resembling ballooning degen-
eration. Figure 47 shows some of the AF+ granular cells at 
higher magnification. 
Figure 48 shows a B area after 160 days surrounded by 
lymphocytes. Blood vessels in the peripheral area were distended 
and filled with amorphous eosinoph~lic material. Many cells 
within the B area showed extensive vacuolization not unlike 
ballooning degeneration, and a corresponding loss of AF+ 
granulation. 
In most transplants particularly at 60 to 90 days, 
c~usters of AF+ cells were found scattered in the adipose 
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Figure 44. 60 ... day homogre.ft {B type) .!.!! ~ showing 
its attachment to the submucosa of the 
cheek pouch and its peripheral location 
with respect to adipose tissue. Weigert's 
Hx, aniline blue .... orE~. nge G, 30 X. 
Figure 45. 60-day B-type homograft. Polymorpho-
nuclear leukocytes, lymphocytes, 
reticulum cells and questionable 
plasma cells were identified. 
Epithelioid cells were ala~ found. 
Weigert's Hx, aniline blue-orange 




90-day B homograft showing intense reaction 
of peripheral cells to aldehyde fuchsin and 
a near absence of AF+ granulation centrally. 
AF., 100 X. 
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Figure 47. AF+ granular cells in a 90wday B homograft. 
AF., 1000 X. 
I. 
Figure 48. 160~day B area, surrounded by 
lymphocytic infiltration (arrows). 
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tissue peripheral to the B area (Figure 49)~ They were 
usually found in non-vascular regions and did not resemble 
"I beta cells in shape. 
Effect of regenerating transplants on blood 
and urinary findings of diabetic hosts 
To restore the blood sugar following two weeks of "poor" 
diabetic management (1 X NPH) it was necessary to re•titrate 
diabetic animals with insulin twice daily for a minimum of 
two days. Continuation of twice daily ins~lin treatment for 
as long as one week following two weeks of the "poor" 
management, did not improve the blood sugar • 
. 
Blood sugar remained unchanged in animals bearing homo-
grafts , of fetal pancreas. Several diabetic animals bearing 
B~type homografts of neonatal pancreas, however, showed a 
slight improvement between 21 end 45 days. In one animal, 
the blood sugar was lowered 400 mg% on the 35th day (down to 
82 mg%)~ was still normoglycemic (100 mg%) on day 40 but 
returned to its previous level {475 mg%) by day 45. 
Similar fluctuations were observed in glycosuria. Some 
homograft-bearing animals (B homografts only) showed an 
absence of glycosuria for several days between 25 and 45 da~, 
however this was followed by the excretion of over 2% 
glycosuria and occasional 4+ ketonuria. One animal fluctuated 
between 0 and t% glucose {Tes-Tape) for 3.5 days beginning on 
the 30th day post-implantation. _. 
Figure 49. Inter•sdiposal cluster of AF+ cells 
seen in adipose tissue peripheral to 
60-day B erea. AF., 450 x. 
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Although individual animals bearing B homografts 
occasionally showed temporary improvement, blood and urinary 
glucose was not permanently lowered. 
In vitro ILA by regeneFating pancreas· transplants 
In vitro ILA by regenerating pancreas transplants is 
summarized in Table III. 
The demonstration of ILA by pancreatic autografts was 
surprising in view of their disorganized appearance and 
absence of attributable structure. Negative ILA v&ues were 
often· recorded. 
· The ILA values for homografts were obtained without 
regard to the various types. 
Homografts in nondiabetic hosts demonstrated increased 
ILA from day 5 ~o day 14. It was believed that the progressive 
degeneration of the ex~crine pancreas and the loss of proteo• 
lytic secretions by day 14 accounted for the higher effective 
ILA. 
At 14 days, ILA production was similar in homografts 
whether from nondiabetic or diabetic hosts. After 30 days, 
ILA values decreased with increasing homograft age (a 5-fold 
decrea.se in ILA from day 30 to day 90). It should be pointed 
out however that at 90 days, homografts were five times 
heavier, on the average. When values for total ILA release 
were compared, 30 and 90-day homografts were not different. 
The various type·s of homografts ere bioassayed in vitro. 
Negative values were obtained most often with A homografts, 
Table III. In vitro insulin•like activity of 
transplanted pancreas in nondiabetic 
and diabetic hamsters. 
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Implantation Average Microunits ILA I 3 Hrs. Incubation 
Condition age (days) # wt. (mg.) Ave. range ILA/ mg. 
Autotransplant 2 1 8 5.6 80 0. 160 14.2 8 
Homograft-nondb~ 5 6 12.8 1 7 6, 70·425 12. 19 
14 5 7.8 161 65·325 20.64 
Homograft-db~* 14 6 5 . 2 1 52 ·3 o-215 22.41 
. 30 6 18.4 750 490-1000 40. 71 
60 6 40.6 800 300•950 19. 70 
' 
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sometimes with the P types, but never with the B homografts. 
To substantiate these observations, two B homografts 
(I and II) were removed efter 90 days of regeneration. They 
were sectioned into one-third portions and marked as follows: 
#1 = B-containing area; #2 = adipose tissue adjacent to B, 
and #3 = adipose tissue distal to the B spot. Each portion 
was incubated separately. These data are shown in Table IV. 
The B area consistently demonstr·e.ted the greatest ILA. 
HistQlogically, the B spots showed the organized aggregate 
of cells while portions #2 and 3 contained adipose tissue. 
Incubated B areas (Figure 50) showed a diminished reaction 
to aldehyde fuchsin. This suggested that AF+ material was 
released during in vitro incubation in a glucose-containing 
' ----
medium. 
Glucose tolerance and serum ILA in 90-day 
homograft-bearing diabetic animals 
Table V summarizes the glucose tolerance and serum ILA 
obtained from four diabetic animals bearing representative 
types of homografts. 
In diabetic animals bearing A ·homografts, the blood 
sugar response to !£ !!!£ glucose was similar to that seen 
in diabetic animals without homografts. (cf., Figure 25). 
Furthermore, ILA could not be detected in the sera. 
Hamsters bearing the P homograft showed some serum ILA 
but generally speaking, the values approximated the limits of 
bioassay sensitivity. 
Table IV. Differential !LA of B-type homografts 
90 days following implantation. 
Microunits IL A I 3 H rs. 
Homograft Weight (mg.) Total IL A I mg. 
1. 16.6 350 21.08 
I 2. 20.4 250 8.50 
3. 30.2 0 0 
1. 20.6 395 19.25 
II 2. 23.4 150 6.40 
3. 25.4 65 2. 16 
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Figure 50. 90-de.y B area. incubated 3 hours in 250 mg% 
glucose showing leaching of peripheral 
aldehyde fuchsin positive material. AF., 
100 x. 
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Table V. Serum ILA during the glucose to-lerance · (30 min w) 
i n diabetic hamsters bearing 90~-tday homografts . 
HoMograft N on st iMula t ed Glucose 400Mg. I 100 g. 
. 
A ni Mal # Type B.S. ( Mg. ) I LA B.S. (M g. ) I LA 
#1 2 A 428 0 1000 0 I 
# 2 ; 3 A · 1 p 3 06 0 720 300 
# 3 4 A : 1 B 3 01 0 940 1600 
#g. 3 A · 1 B 2 66 0 496 2500 
II 
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Diabetic animals bearing B homografts not only demonstrated 
considerable serum ILA but the blood suga.r during glucose 
tolerance did not rise as high as in diabetic animals without 
homografts (cf. Figure 2$). On the :average, the blood sugar 
of diabetic animals with B homografts was 150 • 200 mg% lower 
than in diabetic hamsters without homografts (at 30 • 45 
minutes during the glucose tolerance). During the seme 
interval, serum ILA in hamsters with B homografts was 31% of 
the average maximum serum ILA demonstrated by nondiabetic 
animals '!JoTi th intact pancreas • 
Animals #2 and 4 (Table V) died after 3 ml. of blood 
was removed. When portions of their pancreas were bioassayed 
in vitro, ILA could not be demonstre.ted. Histologically, the 
' islands of Langerhans showed a.n appearance typical of a.llox• 
anized pancreas. 
Figure 51 shows a section of the B homograft from animal 
#4 stained with aldehyde fuchsino When compa.red with the B 
area from a non-glucose stimulated host (see Figure 46), the 
B homograft in the host exposed to glucose tolerance showed 
a marked depletion of AF+ material. This suggested that 
following the administration of glucose ~ ~, the B-type 
homograft was stimulated to release AF+ material. 
Animals #1 and 3 (Table V) survived the blood taking. 
Type A transplants yielded 220 mcU ILA upon in vitro incubation 
(2.8 mcU ILA/mg./3 hours) while the homografts in animal #3 
I 
Figure 5lo 90wday B area in a diabetic host, 
removed one hour following glucose 
tolerance A.F., 100 Xo 
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produced a total of 1030 mcU ILA (14.9 mcU ILA/mg./3 hours). 
Direct bioassay of pancreas in these animals failed to detect 
measurable ILA. The islets did not show AF+ granulation. 
Beta cells showed necrotic changes typical of alloxanization. 
Table VI summarizes the average blood glucose and serum 
ILA during glucose tolerance in nondiabetic hamsters with 
intact pancreas, in diabetic hamsters and in hamsters with 
B-type homografts. 
Discussion 
Although autografts never showed islet tissue, half of 
them demonstrated ILA in vitro. Possibly, the autografts 
were assayed before degeneration was completed and residual 
ILA was detected. On the average, ILA values from autografts 
were the lowest recorded. 
The differences between homografts of fetal and neonatal 
pancreas were not entirely clear. Although they were similar 
histologically and with regard to in vitro ILA capabilities 
before transplantation, all implants of fetal pancreas and 
60% of the measured growth from neonatal pancreas were trans• 
formed into or replaced by adipose tissue. The nature of 
this adipose tissue (categorized as adipose or pink homografts) 
is unknown. The demonstration of ILA cannot be accounted 
for. Clearly, adipose tissue endogenous to the cheek pouch, 
distinguished by its thinner end flatter appearance, did not 
grow as rapidly nor demonstrate ILA. 
Table vr. Summary of blood glucose end serum ILA 
(average values) during glucose tolerance 
(30 • 45 minutes). 
Condition # Blood !:jlucose Serum ILA (McU/ml. 
Nondiabetic 10 328 3175 
Alloxan 
diabetic 10 834 0 
Diabetic 
with 
B homograft* 6 635 950 
* 90 days of regeneration. 
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Many investigators have described the degeneration of 
transplanted exocrine pancreas and its replacement by fat. 
Perhaps during this degenerative process, functional insular 
elements were temporarily retained, released ILA and the 
adipose tissue was stimulated to grow. Such a hypothesis, 
however, would not explain why adipose tissue grew better 
when the exogenous insulin was reduced. 
B spots which released ILA !£vitro showed a loss of 
AF+ granular material. In the normal intact pancreas, the 
release of ILA in vitro was also accompanied by the leaching 
of AF+ granules from beta cells. 
Physiologically, diabetic hosts bearing B-type homografts 
were the only diabetic hamsters consistently demonstrating 
serum ILA. Furthermore, the ILA appeared to be responsible 
for lowering the blood sugar during glucose tolerance. Tbis 
could not have been due to recovery in the host pancreas 
since islets showed extensive beta cell necrosis, an absence 
of AF+ granules and were unable to demonstrate ILA in vitro. 
Although the cytostructural details require further 
investigation, the present experiments suggest that the B 
area represents a considerable source of !£ !!!£ and !£ vitro 
insulin-like activity. The data also strongly suggest that 
with a greater number of regeneratir~ homografts, a more 
permanent amelioration of experimental diabetes is possible. 
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CHAPTE.'R VII I 
GENERAL DISCUSSION AND CONCLUSION 
In investigating the performance of fetal and neonatal 
pancreas transplanted to the cheek pouch of alloxan diabetic 
golden hamster, three types of measured growth were foundo 
Two appeared to be composed entirely of adipose tissue while 
the third, called a B homograft, showed a compact mass of 
nucleated cells. The B area, first seen 30 days after 
implantation, appeared only in homografts of neonatal pancreas. 
Diabetic hosts bearing such transplants often showed 
temporary improvement in hyperglycemia and glycosuria. They 
also showed insulin-like activity in the serum while diabetic 
animals without homografts did not. This suggested that the 
B homografts were functionally competent even if only briefly. 
There were two possible explanations for the findings 
in homogr~ft-bearing diabetic hamsters. Either the insulin-
like activity was due to the pancreas homografts or there 
had been some ameliorative change in the host pancreas and 
this accounted for the ILA detected in the serum. 
These suggestions were discredited on two counts. First, 
there was no histological evidence of improvement in the host 
pancreas. Islet cells failed to show aldehyde fuchsin 
positive granulation. Secondly, the direct incubation of 
pancreas from diabetic animals either with or without pancreas 
homografts never resulted in the demonstration of insulin-like 
123 
activity. This did not rule out the possibility of functional 
recovery of alloxanized islets in spite of histological 
degeneration. However, there was no evidence for such an 
assumption nor could this explain why only homograft-bearing 
diabetic animals should have shown this alleged recovery. 
When homografts were removed and bioassayed, the B type 
consistently demonstrated large quantities of !LA in vitro 
which compared favorably in magnitude with that obtained for 
intact pancreas by similar methods. Furthermore, dissected 
B spots always demonstrated more !LA than the attendant 
adipose tissue. These findings suggested that the B homo-
graft represented regenerated islet tissue which was 
functionally competent in!!!£ and 1£ vitro. 
Additional support for this conclusion was obtained when 
B spots were stained with aldehyde fuchsin. In intact islands 
of Langerhans, beta cells contained AF+ granulation which was 
depleted following in vivo and in vitro stimulation with 
glucose. B spots behaved similarly. 
Although certain cells could be identified in the B spot 
and all such bodies showed a similarity in the cellular 
population, it could not be determined whether the cells 
originated in the transplant, in the host or resulted from 
their interaction. Similarities in neonatal islets before 
and after implantation could not be determined with certainty, 
Cells in the presumptive islets as well as the epithelioid 
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cells in the transplant did not resemble adult beta cells in 
intact islets. 
Per unit weight of tissue, neonatal pancreas showed 
approximately one-third less !£ vitro !LA following trans-
plantation. At first glance, this would imply a loss of 
functional competence following transplant~tion. However, 
this is not necessarily so since intact adult pancreas also 
showed s similar decline in !LA production in vitro (cf. 
Table II). Furthermore, the fact that !LA was demonstrated 
at all would indicate that regenerating pancreas homografts 
has retained at least some functional competence. 
Although cells of the B homograft did not resemble 
normal beta cells in intact islands of Langerhens, biochemical 
studies showed that they represented the only known source 




Thirty micro"units of pure insulin significantly 
stimulated glucose uptake by rat epididymal adipose tissue. 
Sensitivity of the bioassay preparation was dependent upon 
weight of the animal and fat pads selected as well as upon 
differences in portion sensitivity. Most reproduceable 
values were obtained when fat pads weighing 100 - 200 mg. 
were obtained from 220 - 300 gram rats. The preparation was 
found to be specific since the medium in which nonpancreatic 
tissue was incubated failed to stimulate glucose uptake. 
Beta cells in intact islands of Langerhans of the golden 
hamster were observed to develop aldehyde fuchsin positive 
granulation by the second day after birth. In adult islets, 
this granulation was depleted in the course of glucose sti" 
mulation and was associated with ~!!!£and 1E vitro release 
of insulin"like activity (ILA). Normal hamsters demonstrated 
considerable insulin•like activity in the serum during 
glucose tolerance when normoglycemia was restored within one 
hour. 
In vitro the pancreatic ILA fluctuated between periods 
of increased and decreased activity. After an initial 15-
minute stimulus with 2.50 mg% glucose. pancreases showed a 
temporary refractoriness to a second stimulus applied 1.5 
minutes later. Maximum ILA obtained after 90 minutes of 
incubation was followed by a gradual decrease in the rate of 
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ILA release by the third hour. 
Alloxanized beta cells, showing a loss of granulation, 
ballooning degeneration and necrosis were sometimes replaced 
by fibroblasts. Alloxanized islets as well as serum of 
diabetic hamsters failed to demonstrate measurable ILA. The 
diabetic animals required insulin for survival and showed 
impaired glucose tolerances for at least 250 days of diabetic 
duration. 
Horoografts of neonatal pancreas were more successful 
than implants of fetal pancreas in terms of growth and 
survival. All cheek pouch implants of fetal pancreas end 
60% of all neonatal pancreas homografts contained only adipose 
tissue although roost of them demonstrated ILA ~vitro. 
Remaining homografts of neonatal pancreas showed, in addition 
to adipose tissue, a compact mass of nucleated cells first 
visible after 30 days of regeneration. Hosts bearing such 
homografts (B homografts) showed mild temporary improvement 
in hyperglycemia and glycosuria. 
Stimulation of B homografts in vitro and ~ !!!£ (glucose 
tolerance) consistently resulted in the release of ILA, 
accompanied by a loss of aldehyde fuchsin positive granulation. 
Furthermore, only diabetic hosts bearing B homografts showed 
insulin-like activity in the serum. Islets in diabetic hosts 
showed no evidence of either histological or biochemical 
restoration of normalcy. 
Although the exact nature of the B homograft is unknown, 
the regions represent the only known source of insulin-like 
activity in alloxan diabetic hamsters. 
127 
REFERENCES 
1. Anderson, E., E. Lindner and v. Sutton. A sensitive 
method for the assay of insulin in blood. Am. Ja 
Physiol. 149: 350-354, 1947. 
2. Anderson, E. and J. A. Long. The effect of hypergly~ 
cemia on insulin secretion as determined with the isolated 
rat pancreas in a perfusion apparatus. Endocrinology ~: 
92-97, 1947. 
3• , F. Wherry, R. w. Bates and J. Cornfieldo A 
method for assay of insulin using alloxan diabetic hypo• 
physectomized mouse. Proc. Soc. Exp. Biol. and Med. ~: 
321-325, 1957. 
4• Antoniades, H. N. Hormones in Human Plasma, Little, 
Brown and Company, Boston, Mass., 1960. 
5. Antoniades, H. N. Studies on the state of insulin in 
blood: the state and transport of insulin in blood. 
Endocrinology ~: 7•16, 1961. 
6. , P. M. Beigelman, R. B. Tranquada, and Ka 
Gundersen. Studies on the state of insulin in blood: 
"Free" insulin and insulin complexes in human sera and 
their ~ vitro biological properties. 
7• Antoniades, Ha N., and K. Gundersen. Studies on the state 
of insulin in blood: dissociation of purified human blood 
insulin complex(es) by incubation with adipose tissue ex• 
tracts in vitro. Endocrinology ~: 36-42, 1961. 
128 
B. , and • Studies on the state of 
insulin in blood: materials and methods for the esti-
mation of "free" and "bound" insulin-like activity in 
serum. Endocrinology 1Q: 9.5-98, 1962. 
9. • , and Ho Mo Pyle. studies on the 
state of insulin in blood: The role of glucose in the 
in vivo dissociation of insulin complexes. Endocrinology 
69: 163-169, 1961. 
10. Arquilla, E. R. and A. B. Stavitsky. The production and 
identification of antibodies to insulin and their use in 
assaying insulin. Jo Clin. Investig. 3.5: 4.58-466, 19.56. 
11. Baird, c. w. and J. Bornstein. Plasma insulin and insulin 
resistance. Lancet 1: 1111-1113, 19.57. 
12. Ball, E. G., Do B. Martin and o. Cooper. Studies on the 
metabolism of adipose tissue. I. The effect of insulin 
on glucose utilization as measured by the manometric de-
termination of carbon dioxide output. Jo Biol. Chern. 
~: 774-780, 19.59. 
13o Bally, Po R., Go F. Cahill Jr., B. Leboeuf and A. E. 
Renaldo Studies on rat adipose tissue in vitro. v. 
Effects of glucose and insulin on the metabolism of 
palmitate-l•cl4. Jo Biolo Chern. ~: 333-336, 1960. 
14. Banting, F. G. and c. H. Best. The internal secretion 
of the pancreas. J. Lab. and Clin. Med. z: 2.51·266, 
1922. 
1.5. Barnett, R. J., R. B. Marshall and A. M. Seligman. His• 
tochemical demonstration of insulin in the islets of Lan-
gerhans. Endocrinology 21: 419•438, 19.5.5. 
129 
16. Beigelman, P. M. Insulin•like activity of normal and 





Bio-assay for insulin-like activity 
utilizing glucose uptake by rat epididymal adipose 
tissue. Metabolism 6: 580-586, 1960. 
-
-----· 
Human serum insulin•like activity as 
determined by a rat adipose bioassay method. Diabetes 
!£: 130•133, 1960. 
-----
and H. N. Antoniades. Insulin-like activity 
of human plasma constituents. rv. Insulin levels of 
normal human serum and plasma. Metabolism 1: 269- , 
1958. 
20. Beigelman, P. M. and I. s. Onoprienko. Improvement of 
adipose tissue insulin bioassay by lengthening incubation 
time. Metabolism 10: 162, 1961. 
-
21. Bencosme, So A. and Eo Liepa. Regional differences of 
the pancreatic islet. Endocrinology 21: 588•593, 1955. 
22. Berson, s. A. and R. s. Yalow. Preparation and purifi• 
cation of human insulin I 131; binding to human insulin• 





------' A. Bauman, M. Ao Rothschild, and 
Insulin-Il31 metabolism in human subjects. 
Demonstration of insulin binding globulin in the circu• 
lation of insulin-treated subjects. J. Clin. Investig. 
~= 170• ' 1956. 
130 
24. Bornstein, J. Insulin•reversible inhibition of glucose 
utilization by serum lipoprotein fractions. J. Biol. 
Chemo 205: 513•519, 1953. 
25. and Co R. Park. Inhibition of glucose uptake 
by the serum of diabetic rats. J. Biolo Chem. 205: 503• 
511, 1953. 
26. Bouman, P. R. Release of insulin from isolated rat 
pancreas in vitro. Acta Endocrinol. ~: 560-567, 1960. 
27. Browning, H. and Po Resnik. Homologous and heterologous 
transplantation of pancreatic tissue in normal and 
diabetic mice. Yale J. Biol. Med. ~: 141-153, 1951. 
28. Cahill, G. F. Jr., B. Leboeuf and A. Eo Renold. Studies 
on rat adipose tissue in vitro. III. Synthesis of glycogen 
and glyceride•glycerol. J. Biol. Chem. ~: 2540· , 1959. 
29. Collins-Williams, J., Ao E. Renold and A. Marble. 
Attempts to produce diabetes in guinea pigs by alloxan 
and pancreatectomy with observations on the effect of a 
diet deficient in cystine end methionine. Endocrinology 
~: 1•13, 1950. 
30. Cowpland, R. E. Growth of pancreatic islet tissue in 
the anterior chamber of the eye. Nature 179: 51•52, 1957. 
31. Derman, H. Anatomic and physiologic considerations 
pertinent to pancreatic function. In Measureme~ ££ 
Exocrine and Endocrine Functions of the Pancreas. J. B. 
Lippincott Co., Philadelphia, Montreal, ed. F. w. Sunderman 
and Fo w. Sunderman, Jr., 1961, p 3•7. 
131 
32. DuBois, A. M. and A. Gonet. Regeneration des ilots de 
Langerhans au cours de la correction du diabete experi-
mental du rat par brephoplastie pancreatique. Zeit. f. 
Zellforsch. 2l= 481-491, 1961. 
33. Dunn, J. s., H. L. Sheehan and N. G. B. McLetchie. 
Necrosis of islets of Langerhans produced_experimentally. 
Lancet 1: 483-
... ' 1943· 
34. Garrison F. He An Introduction to the History of Medicine. 
Ed. 2, Philadelphia, Saunders, 1917. 
35. Gellhorn, F., J. Feldman and A. Allen. Assay of insulin 
on hypophysectomized, adrenodemedullated and hypophysec• 
tomized•adreno•demedullated rat. Endocrinology 29: 
137• ' 1941. 
36. Gemmill, c. L. The effect of insulin on the glycogen 
content of isolated muscles. Bull. Johns Hopkins Hosp. 
37. 
----------· 
The effect of glucose and insulin on the 
metabolism of the isolated rat diaphragm. Bull. Johns 
Hopkins Hosp. 68: 329•336, 1941. 
38. Goetz, F. c. and R. H. Egdahl. Direct demonstration of 
insulin release from pancreas by tolbutamide. Fed. Proc. 
!1: 55, 1958. 
39. Gomori, G. Differential stain for cell types in the 
pancreatic islets. Am. J. Path. 15: 497-500, 1939. 
----------• Aldehyde fuchsin: a new stain for elastic 
tissue. Am. J. Clin. Path. 20: 665-666, 1950. 
132 
41. Gonet, Ao Correction dy diabete experimental du rat 
par la greffe pancreatique foetal. Thesis #2777 
Supplement in Acta Endocrinologica, 1961. 
42. Gundersen, K. and Ho N. Antoniades. Biological activity 
of blood insulin complexes examined by rat diaphragm 
tissue assay. Proc. Soc. Exp. Biol. and Med. 104: 
411-413, 1960. 
43. Hagen, J. s. and Eo G. Ball. Studies on the meta• 
bolism of adipose tissue. IV The effect of insulin 
and adrenaline on glucose utilization, lactate production 
and net gas exchange. J. Biolo Chem. ~: 1545-1549, 1960. 
44. Halmi, N. s. Differentiation of two types of basophile 
in the adenohypophysis of the rat and mouse. Stain 
Tech. gz: 61-64, 1952. 
45. Hansen, R. G., w. J. Rutter and Lo J. Samuels. The 
effect of previous diet on the metabolism of glucose by 
the rat diaphragm. J. Biol. Chem. 192: 243-249, 1951. 
46. Hedon, E. Sur la secretion interne du pancreas. Comptes 
Rendues 1!= 124-127, 1927. 
47. Hendley, Eo D., E. Bregman and M. A. Krahl. Inhibition 
of muscle glucose uptake by diabetic rat sera of varying 
glucose and lipoprotein content. J. Biol. Chem. 226: 
459-473, 1957· 
48• Hill, Jo B. The absorption of rl31 insulin to glass. 
Endocrinology ~: 515, 1959. 
133 
49o House, Eo Lo A histological study of the pancreas and 
kidneys during and afterrecovery from alloxan diabetes. 






, c. Burton, Ho Cooper and Eo Anderson. The 
implantation of neonatal pancreas into the cheek pouch 
of the alloxan diabetic hamster. Endocrinology 63: 
389•391, 1958. 
Mo s. Jacobs and Bo Pansky, Homoplastic 
transplantation of pancreas in diabetic hamsters. 
Transplant. Bull. ~: 55-61, 1961. 
Bo Pans ky and Mo s. Jacobs. The effect 
alloxan diabetes on the blood picture of the golden 
hamster. J. Cello and Comp. Physiol. a= 203-209, 
' • • 
The effect of 
of 
1961. 
pancreatic homografts on the diabetic state of alloxan-
treated hamsters. Anat. Rec. ~: 341•343, 1961. 
------ and Jo Po Tassonio Duration of alloxan 
diabetes in the hamster. Endocrinology. 61: 309•311, 
1957o 
55. Hughes, H. Experimental study of regeneration in islets 
of Lsngerhans with reference to theory of balance. Acta. 
Anat. g]_: 1• ' 1956. 
56. Jacobs, Mo s., B. Pansky, Eo Lo House and Jo Palmer. 
Localization of implants in the hamster cheek pouch. 
J. Exp. Zool. 1$0: 129-133, 1962. 
57. Jessup, D. c. and G. s. Wiberg. Insulin bio-assay 
using glycogen deposition in a single rat diaphragm. 
Diabetes !Q: 201-206, 1961. 
134 
58. Johnson, Do D. Alloxan administration in the guinea 
pig; a study of the histological changes in the islands 
of Langerhans, the blood sugar and changes in the 
glucose tolerance. Endocrinology ~: 135-155, 1960. 
59. Kosaka, K., T. Ide and N. Kuzuya. Estimation of plasma 
insulin using hypophysectomized-adreno-demedullated 
rats. Endocrinol. Japon. ~: 248, 1957. 
60. Langerhans, P. Beitrage zur Mikroskopischen Anatomie 
der Bauchspeicheldruse. Inaugural dissertation. 
Berlin, G. Lange, 1869. 
61. Lauria, v. Comparative action of insulin and insulin-like 
serum factors on rat striated muscle and epididymal 
adipose tissue. A. Me thes is, Boston University Graduate 
School, 1962. 
62. Lazarus, s. S. and B. w. Volk. The Pancreas in Human 
and Experimental Diabetes. Grune and Stratton, New York, 
1962. 
63. Lukens, F. D. w. Alloxan diabetes. Physiol. Rev. ~: 
304- , 1948. 
64. MacCallum, w. G. On the relati.on of the islands of 
Langerhans to glycosuria. Bull. Johns Hopkins Hosp 0 20: 
265- , 1909. 
135 
65. Martin, Do B., Ao E. Renold and Ye Me Dagenais. An 
assay for insulin-like activity using rat adipose tissue. 
Lancet 2: 76·77, 1958. 
66. Metz, R. The effect of blood glucose concentration on 
insulin output. Diabetes 9: 89-93, 1960. 
67. Milstein, s. w. Oxidation of specifically labeled 
glucose by rat adipose tissue. Proc. Soc. Exp. Biol. 
(N.Y.) 92: 632• , 1956. 
68. Nace, P. F., E. L. House and J. P. Tassoni. Alloxan 
diabetes in the hamster. Dosage and blood sugar curves. 
Endocrinology ~: 305- , 1956. 
69. Nelson, N. A photometric adaptation of the Somogyi 
method for the determination of glucose. J. Biol. Chern. 
!2l= 375-380, 1944. 
10. Ogama, J. and R. Lo Grant. Effect of insulin on glucose 
uptake by mouse diaphragm tissue. Proc. Soc. Exp. Biol. 
and Med. 100 L 90-93, 1959. 
71. and • Insulin activity of serum 
by the mouse diaphragm technique. Fed. Proc. 18: 297, 
1959. 
12. Pansky, B., E. L. House and M. s. Jacobs. Effect of 
hormones on pancreatic transplants in both normal and 
diabetic hamsters. Am. J. Physiol. 203: 487-492, 1962. 
73. Peden, A. s. Attempted preparation of alloxan diabetic, 
hypophysectomized, adrenalectomized (A.DoHoAo) rats. 
Acta. Endocrinol. ~: 67- , 1955. 
136 
74. Perlmutter, M., s. Weisenfeld and M. Mufson. Bioassay 
of insulin in serum using rat diaphragm. Endocrinology 
2£: 442-455. 1952. 
75. Piazza, E. u., c. J. Goodner and N. Freinke. A re-
evaluation of in vitro methods for insulin bioassay. 
Diabetes 8: 459-465, 1959o 
76. Randle, P. J. The assay of insulin!£ vitro by means 
of the glucose uptake of the isolated rat diaphragm. 
J. Endocrinol. ~: 82-86, 1956. 
11. Renold, A. E., Do B. Martin, Y. M. Dagenais, J. Steinke, 
R. Jo Nickerson and M. c. Sheps. Measurement of small 
quanti ties of insulin-like activity using rat e.dipose 
tissue. I. A proposed procedure. J. Clin. Investig. 
~: 1487-1498, 1960. 
78. Renold, A. E., A. I. Winegrad, B. Jeanrenaud and D. Bo 
Martin. Suggested importance of adipose tissue as a 
site of insulin action and as a major site of metabolic 
interrelations between carbohydrates and fats. In The 
Mechanism of Action of Insulin. Oxford, Blackwell 
Scientific Publications, Ltd., 1960, P• 153-164. 
-
79o Sak, Mo F., and s. Bo Besser. Alloxan diabetes in the 
golden hamster, Mesocricetus auratus. I. Presence of 
sacculations in venules of the cheek pouch and their 
absence in retinal vessels. Lab. Investig. 11: 255-260, 
1962. 
137 
80. Sak, M. F. end I. A. Macchio In vitro insulin-like 
activity of intact and transplanted pancreas in the 
golden hamster (Mesocricetus auratus). Abstract #326, 
American Zoologist ~ (3), August 1962. 
81. Sanger, F. Chemistry of insulin; determination of the 
structure of insulin opens the way to greater under-
standing of life processes. Science 129: 1340-1344, 1959. 
82. Scott, Ho R. Rapid staining of beta cell granules in 
pancreatic islets. Stain Tech. 27: 267-268, 1952. 
83. Selle, w. A. Studies on pancreatic grafts made with 
new technique. Am. J. Physiol. 113: 118-119, 1935. 
84. Shaw, J. W. and E. o. Latimer• Regeneration of pancreatic 
tissue from the transplanted duct in the dog. Am. J. 
Physiol. 1£: 49-53, 1926. 
85. Sheps, M. c., R. J. Nickerson, Y. M. Dagenais, J. Steinke 
and Do B. Martin. Measurement of small quantities of 
insulin-like activity using rat adipose tissue. II 
Evaluation of performance. J. Clin. Invest. 39: 1499• , 
1960. 
86. Simard, L. c. Etude histologique de pancreas greffes 
dans la parol abdominale chez le chien. 1. Persistence 
des glandes endocrines et exocrines, des ganglions 
nerveux et des complex neuro•insulaire. Rev. Caned. de 
Biol. 2: 453, 1943. 
87. ----------• Etude histologique de pancreas greffes dans 
la parol abdominale chez le chien (complexes neuro-
138 
insulaire, ganglions nerveux, cellules insulaire), Rev. 
Canad. de Biol, ~: 264-287, 1945. 
88. Somogyi, M. A new reagent for the determination of 
sugar, J. Biol. Chern, 160: 61~68, 1945• 
89. • Determination of blood sugar, J. Biol, 
Chern. 160: 69•73, 1945. 
90. Ssobolew, L. W, Zur normalen und pathologischen 
Morphologie der innern Secretions der Bauschspeichel-
druse (Die Bedeutung der Langerhans'schen Inseln), 
Virchows Arch. Path. Anat. ~: 91, 1902. 
91. Stadie, w. c. Insulin binding with isotopically labeled 
insulin. J. Biol. Chern, 199: 729- , 1952. 
92. Steinke, J., A. Sirek, v. Lauria, F. D. w. Lukens, and 
A. E. Renold. Measurement of small quantities of insulin-
like activity with rat adipose tissue, III. Persistence 
of serum insulin-like activity after pancreatectomy. J. 
Clin. Investig. ~: 1699•1707, 1962. 
93. Swan, H. and w. R. Rundles. Islet cell transplantation 
in dogs. Transpl. Bull. ~: 53-54, 1957. 
94. Takeuchi, s., s. Ohashi and Y. Kobayashi. Quantitative 
assay of insulin in blood plasma in normal and alloxanized 
dogs by the rat diaphragm method, J. Pharmacol. and Exp. 
Therap. 119: 436-443, 1957. 
95. Umbreit, w. w., R, H. Burris and J. R. Stauffer, ~­
metric Techniques. Minneapolis, Burgess Publishing 
·Company, 1957. 
139 
96. Vallance-Owen, Jo and B. Hurlock. Estimation of plasma 
insulin by the rat diaphragm method. Lancet !: 68-70, 
1954. 
97. Von Mering, J. and o. Minkowski. Diabetes mellitus 
nach Pankreas extirpation. Arch. exp. Path. u. 
Pharmakolo 26: 371, 1889. 
98. Wiberg, Go s. and D. c. Jessup. An evaluation of the 
pooled diaphragm technic for estimating insulin activity. 
Diabetes 1£: 198-200, 1961. 
99. Willebrands, A. F., H. v.d. Geld and J. Groen. 
Determination of serum insulin using the isolated rat 
diaphragm. Diabetes 1= 119-124, 1958. 
100 0 , , , and R. Eo Bolinger. 
The anti-insulin effect of epinephrine and its signifi-
cance for the determination of serum insulin by the 
rat diaphragm method. Acta Physiol. Pharmacol. 1: 
147-152, 1958. 
101. Williams, R. H. Diabetes. Paul B. Hoeber, Inc. Medical 
Division of Harper Brothers, 1960. 
102. Wilson, w. D. Differential cytological staining of 
anterior pituitary and islets of Langerhans. Anat. 
Rec. 112 L 468, 1952. 
103. Winegrad, A. I., w. N. Shaw, F.D.W. Lukens, w.c. Stadie 
and A. E. Renold. Effects of growth hormone ~ vitro 
on the metabolism of glucose in rat adipose tissue. J. 
Biol. Chem. ~: 1922-1928, 1959. 
104. Woodruff, M.F.A. The Transplantation of Tissues and 
Organs. Charles c. Thomas, Springfield, Illinois, 
1960. 
105. Yallow, R. s. and s. Ao Berson. Immunoassay of 
endogenous plasma insulin in man. J. Clino 
Investig. ~: 1157•1175, 1960. 
106. and • Immunoassay of insulin in 
man. Diabetes 1£: 339-344, 1961. 
107. Yenerman, M., J. Cornfield, R. w. Bates, and E. Anderson. 
Assay of insulin in blood. Fed. Proc. 12: 162, 1953. 
Abstract 
Functional competence of in't4ct and 
transplanted endocrine pancreas in the 
normal and alloxan diabetic Golden Hamster. 
l4l 
Functional competence of intact pancreas and neonatal pencreatic 
implants was determined in normal and alloxan diabetic Golden Hamsters b,y 
measurement of the ability to release insulin-like activity (ILA) ill 
vitro and ill.!Ue. as bioassayed by the rat epidiczymal :fat pad technique. 
Islets were determined to be functionally competent before birth. 
ILA was released j,a ~ prior to the second post-natal day when beta cells 
:first showed ie:finite granulation. By 30 days, beta cells showed mature 
granulation but with advancizlg age, they released less ILA. It is suggested 
that the correspondi.ng develo!lllent of exocrine pancreas results in proteolytic 
inactivation of ILA j,a .!i!.:!i;£2.. 
~ glucose tolerance .tests, normal hamsters showed maximum lzyperglycemia 
(350 mtf6) between 15 and 30 minutes :following intraperitoneal glucose 
administration (400 mg./100 g. body weight) accompanied b,y maximnm serum ILA 
(3000 micro-units ILA/m1.). The blood sugar was restored to normal within one 
hour although serum ILA was still elevated at 90 minutes. The release of ILA 
a!:!!2. and ill~ as a result of glucose stimulation was always accompanied 
by a loss of beta cell granulation. 
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Alloxan (110 mg./kg.) caused degranulation of beta cells accompanied 
by ballooning degeneration aud necroaiso After 200 days of diabetes, beta 
cells cells in some islets were replaced by fibroblasts. Diabetic hamsters 
requiring insulin treatment (1.6 to 4.0 units NPH insulin per day) showed 
maTi np1m hyperal;ycemia averag:i.ng betweau 300 - 400 Dlf!!%. Diabetic hamsters 
showed au impaired glucose tolerauce and au absence of measurable serum 
ILA. Excised islets failed to release measurable ILA .i!1. v;L'!;ro. This 
severe form of diabetes peraisted without change for at least 250 days. 
Cheek pouch implauts of homologous fetal and neonatal pancreas (6 
hours before to 6 hours after birth) grew larger aud survived longer when 
diabetic hosts received insulin once daily. Best growth and survival was 
obtained from neonatal paucreas. 
Homografts appeared vascular by the 5th day aud by day 21, acinar tissue 
had completely degenerated. At 30 days, three types of transplants were 
distiJ:Jeuished all of which were composed largely of adipose tissue. One 
type was distiJ:Jeuished by the presence of a discrete red area (B spot) which 
was shown histologically to contain polymorphonuclear leukocytes, lymphocytes, 
reticulum cells, questionable plasma cells and granular epithelioid cells 
(aldehyde fuchsin positive). The second type lacked the B spot and was 
composed entirely of adipose tissue. The third type resembled the second, 
except for its pink coloration. 
Only diabetic hosts bearing the B homografts showed slight, temporary 
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improvement in blood and uriDary augar. When subjected to glucose stress 
only diabetic hosts bearing B bomografts showed !LA in ths sel'UIIIo Excised 
B areas always demonstrated considerable !LA ia .!iUm in contrast to adjacent 
and more distal homograft areas. The release of !LA was always accompanied 
by a loss of aldehyde fuchsin-positive granulation. 
It was uncertain whsthsr cells of the B area originated in the 
transplant or the host. However, B homografts were ths only known source 
of !LA in alloxan diabetic hamsters. 
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